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iince I cannot hope thai the»e fomMla* are viholly free 
'I miti/rirttt, I shall be grattfvi to any person who will 
i»>l attention to aucft errors as he may discover. 

B. O. PEIRCE, 
Harvard University, Cambridge. 
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TABLE OF I:N"TEGRALS. 

L FTTinSAMItNTAL FORMa 

2. /«/{')<& = «//(«)*»■ 

4. I x^dx = — — j-t when m is difEerent from — 1. 

5. Ce'dx = e'. 

6. I a' log adx = a". 

7. I 1 I j — tan 'g, or — ctn 'a;. 
g C ^-— = in-^a; or-cos-'a; 






''a;, or — C3C~' 



, or — cover3in~ 
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4 PUNDAMBNTAL FORMS. 

1. I COS xdx = sin X, or — coversin x. 

I sid xdx = — cos X, or versin x, 

.3. I ctnaitic = log 3ma^ 

I tan xiix = — log cos as. 

1 tanx secx<2z = seca^ 

I see^xdx = taux. 

I ese'xdx = — ctEa;. 

In the following formiilas, u, v, w, and y represent any 
'unctions of x: 

.8. C {u-\-v^w -^ &ta.)dx = Cudx-\- Cvdx+ Cwdx + etn. 
I. i udv =^ uv — Iv dti. 
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RATIONAL ALOE!BBAIO FUNCTIONS. 



n. RATIONAI. ALOEBRAIG FUNGTIONa 



A. — ExPKEssioffS Involting (a + bx). 

The substitution of y or « for x, where y = a + bx, 

s = (a + &x) / X, gives 



f(a + bx)''dx = ^f^dy. 
fx (a + bx)-'dx = i Jjr O - «) dy. 
J sf(a + bx)'^dx=-^^J y^(if — aydy. 

/ x'dx ^ _1_ r (v-a)'dy 



Whence 

dx 1 



J (a + fee)" b(a + bx)' 

/ dx 1 
(a + bx)'~ 2b(a + bx)^' 
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6 BATIONAL ALOEBBAIO FUNCTIONS- 

r xdx _ i r_ 1 a "I 

J (a + fa)' S-L « + 4a! 2(" + ta)'J' 

«, r <^ 1, o + fcr 

-m(aS'-a'6) r(a + S3;)"(a'+S'3:)'"-'rfxy 

<■ (<■ + fa)-d» _ 1 f (a + bx)-" 

J (a' + i'xj- (m - 1)(»4' -a*) V(«' + »■!)-"' 
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RATIONAL ALGEBRAIC FCNCIIONe T 

c dx _ 1 »' + yj 

r dx 

■J (a + ««)■(•■ + S'x)- 

= 1 C 1 

« r !^^ 

r ;& 

1 / 1 y ■ »' + yi N 

ay - «'6 \a + fia: ■*■ oA' - a'6 ^^ a + yc / 
43 r i^S 

'"' J (<. + ii)"(o' + yi) 



hiab' -a'b)ia + hx) {ah' - a'b)* 
J (<t + ix)' (a' + b'x) b\aJi' - a'b) {a + 6a;) 

-(;y^.[T:'-'---)-^^=^i^" 

45. /(<• + bx)-dx = ^^_^^^ (« + bxpr. 
•' (« + 6a!)i (»-!)» 



ril»s- 
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8 RATIONAL ALGEBRAIC FUNCTIONS. 

B. — ExpREasioNs Involving (a + bx'). 



^ + '^^ U«>0,S<0. 



ill r <^ _ » _i_ f_^__ 

J (a + ia^')"-*' 2ma (a -^ bx^'" 2ma, J (a + bxy 

Jir^(a + 6x«) ax aJ a + bx' 

„ f »'<''' ^ -» . _1_ f dx 



/* (fa; 1 r^_iix i r dx 
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BATIONAL ALGEBRAIC FUNCTIONS. 



^ i"? 



+ ■ 



•a •§ 



s 



^ 



< + " + -'11 ^ 
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10 RATIONAL ALGEBEAIC FUNCTIONS. 

C. — ExFBESBioNS iNTOLviNa (a + bx + ex*). 

Let JC= a + bx + at? and r/ = iao — b*, then 

68. ff-^log ^" + '-^' ,.h.n,<0. 
r.^! 2c:e + S 2 c rdx 

71 r tfa ^ 2cx-1-b 2(2ra-l)e /* rf« 

"•Jt=2^'°^'^-2^Jx- 
J JT- ~ qX ,J X' 

J X-+> {2w-w + l)(;X" 2«-m + l'cJ JT"*' 



:_i o r i— '.fa 
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SATIONAli AXaSBBAIO FUNCTIONS. 11 

2n + m-\ c r^_dx__ 
m-1 'aJx— •!•*'' 

n.fx-dx = j^^^:^^(^ii + 2,x)X-+^fx-'dxy 

g„ r ifa ^ 1 i^ rdx 1 r_^_ ^ 

J xX' 2a(n-l)X'~^ 2 aJ X' aj x X-"-^ 

/• (a' + 6'3;)rfj! ^ • 6' 2 ctV- - bb' fdx 

+ (m + »)(2 a'c - M) ("(a' + h'xy-^X'dx. 

- (to - l)(aft'» - a'W + ca"*) r(a' + fi'ai)--'^d!c Y 
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12 RATIONAL ALGEBRAIC FOHCTIONS. 

°'J X- j(»-i)V ^-' 

1 A' (.' + >'»)—' 

- (^ - 1) (.6» - .w + .o/ <'' '"'^r"'" )- 

"'■J („■+»'«)- 

_ 1 / -yx- 

+2».r ^•"''"' "i 

1 ( +b'X- 

- (m-2»-l)J"Uo' + »'"')— 

+ 2 J'» («4' - aW + ~')/ (J!|^fer 

, r x'-^dx \ 
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RATIONAL ALGEBRAIC rUNCTIONS. 13 

,9 f dx ^ 

= ! f 5: 

(w -1) (ai'' - aW + ca") \(a' + i'a:)"-' J-" ' 



(wt + 2«-3)ft^ r rfx \ 

■*" ■ »+l J (ll'+S'!l!)-X— '/ 

If (ij"-o'»' + ai" = 0, 

. ni f 5^ 

(M + n - 1) (»' - 2 «'<i) \(<.' + Ji)"jr— ■ 

D. — Rational Fkactions. 
Every proper fraction can be repreaented by the general 
form: 

f(x) _ gia:— + g,j;-' + g.3;— ' + ••- + ?- . 
ii'(a:) x" + ft,3!— ' + Ajx"-" H 1- A. 

If a, 6, c, etc., are the roota of the equation Fix) = 0, so 
that 

Fix) = {x-ay{x-hr{x-cr--; 
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RATIONAL ALGEBRAIC FDNCTIONS. 



/(») _ A , A, A, 

F(x) (.-»).^(x-.)'->^(«-<.)— 



(x-cy (x-c)- 



where the numerators of the separate fractions may be deter- 
mined by the equations 

K a, b, c, etc., are single roots, then p = q = r = --- = l, 
and 

/(^^^^ . „^ + _e 

F(x) x-ax-bx-e 

wnere ^ ^' (a) ' "^ i^' (&) ^*^ 

The simpler fractions, into which the original fraction is 
thus divided, may be integrated by means of the formulas : 

r hdx C hd{„^ + n) k 
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RATIONAL ALGEBRAIC FUNCTIONS. 15 

If aoy of tlie roots of the equation fix) = are imaginary, 
the parts of the integral which arise from conjugate roots 
can be combined and the integral brought into a real form. 
The following formula, in which i = V— 1, ia often useful in 
combining logarithms of conjugate complex quantities : 

log (a; ± yi) = i log (*' + 2/') ± » ^'°~^^- 

The identities given below are sometimea convenient : 

(a + bx^ (a' + b'x"^ ~ a-b - ab''\_a + bx* a' + b'x^J ' 



(k + lx)(a + bx + ex'') aF' + ck^ - bkl ' 

V l{ml — nk) c(nk — ml)x + (aln + ckm — blm) ~\ 

\_ k + lx a + hx-\-ex^ J 

l+mx" 



(o + ix")(a' + &V) " 



V bl - am a'm - h'H 
'\_a + bx''^ d' + b'x'\- 
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lEBATIOHAL ALGEBRAIC FUHCT10N8. 



m. IRRATIONAI. AI.aEBRAIC FUITCTIONa 



A. — ExFBEssiONS Involving V» + bx. 
The Bubs titution of a new variable of integration, 



f/ = Vo + bx, gives 



r rrr^^ 2(2a-3fa)V(« + fa)* 

r . , , ■ , 2(8 tt' - 12 «fa + 15 6'j^ V(a + bx)* 
Jx*VZTbidx = ^ j^j^^ L. 

rV^IE^ = 2V^TVx + a f^^=- 

/ dx 2Vtt + fa! 

r 3^da; _ 2(8g'-4fflte + 36V) ^^— 7- 

r dx 1 , f ^a + bx- -J^ \ . ^„ 

/dx 2 ^ . /« + 63; „ ^ „ 
— = — -=tan-'\ . for a<0. 

aVo + fec V^ * -a 
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IRRATIONAL ALGEBRAIC FUNCTIOHS. 



/ dx _ _ Vffi + 6a; b_ ^ dx 
x'^a + bx '"' 'i*'*^ x^a + bx 

■ 'J Va:+fa~ (2™ + l)» (2»> + l)sJ V^Thfa' 

04 r t^ _ Va + 6^ (2«-3)6 r (fa 

■ ' ■' i-vthfa (»-l)«x-' (2»-2)aJ j;^iVS* 

f (» + fa)'<tt , f , . , ,!^' . f (o + WT" ^ 
I. J ^^ ^ = J I (o + fix) » di + o I i^ ^ <t 

r dx _ 1 r (fo: 6 /* (foi 

.07. _/"/(«, </7+ix)dx='^j /('IjZi., ^ a—'dn, 



//(», (<• + »«)■, (« + fa)', ■■•)■& 



■ where y" = a + Ja;, and s is the least 
q, etc. 



nmltiple of n, 
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18 IRRATIONAL ALGEBRAIC FUNCTIONS. 

B. — Expressions Involvihg Both -^a + bx and Va' + t>'x. 
Let u — a + bx, v = a' + b'x, and k = ah' — a'b, then 

110. J V^^ = --j^^V.^-™J — . 



/ (fa! 1^ 



log 



bv; 

.2bb'x + a'b + a 



b'VZ-VW' 2 ^ , b'^ 



?= '"K i= r^^ — , bail p= 

115. r^__?2^. 
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IRRATIONAL ALGBBBAIO FUNCTIONS. 19 

+ (2 ra - 1) lc{v~u—idx\ 
lai. J'tf-»-ci-l>ifa= *_ N,-<-i„-l— I) 

- (2«.-2» + 3)yJ'«-K-'— 1>J«J 

(2»-l)sV 

188. /^..■.-..fe_^^--=i-^,(2.-.^<-.. 
+ (2ra - 1)A fu'-iy-^iia; J 

(i?>-l)J'\ 
+ (« - i) jj.— lo-<— o*t\ 

183. J'.r-»-'-ni|fa= ^ ' (sr^—^'u-'—t' 

+ (2 OT + 2 « - 3)yJ'i>— »- <— »*!;). 
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IRRATIONAL ALGEBRAIC FUNCTIONS. 



-Expressions" Ikvolting -^x'±a* and ■" 



.24. J Vi' ■±a'dx = i [a: V;c' ± a» ± a' log {x + Vi* ± u'j]. i^ 

I = sin '-. or — coa^' — j - y^^ i ■■ ■ , < 

.28. I — = - COB '-t or -sec ' — 

Jx^i^-o} a X a a 

.30. J*2:Z±Zrfa. = V^T^^ _ „ iog£jl2^±i!. 
''a! as 

.34. fxV^T^-dx = i V(?±^. 
,36. fxVa^^^l^dx = - i V(a' - a:^'. 
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lERATIONAL ALGEBRAIC FUNCTIONS. Zl 

ise. rV(x'±ayda! 

137. J'V(a"-ar^»d3! 

= i l^a: V(a' - a:^» + -2- Va" - (r» + — Sin- ' - J ■ 

188.T , -^ - f'' ■ 
•^ V(a!"±ay a*ViE'±tt* 

139. f-=i= = -^£=. 

140. f-^^ = -Zj=. 
•^ V(a!'±oy Va;'±a» 

148. J'a!V(»"±a")'ifa = lV(x"±a'/. 
143. J'»V(«- -!■)■<& - - J V(.' -«■)'. 



'/- 



145. fa^Va" - rt'*t 

= _ I VO?^:^' + I" (« Vii^P + a- sin-> S). 

rc-.zidb. Google 



IRRATIONAL ALGBBRAIC FUNCTIONS. 

/ ^a*±.x*dx _ _ Va' ± j;' 1 /* dx 

.47. fa?^a*±x' dx = (±ix'-^a^ V(^±^». 
Z' Ab Va.'±3^ 1 j^ dx 

Js^^s^-^^^-^s^-"" y■ 

/ dx Va^rfcix' 

M- r;7==i - -7== + i-sC +-V5T7'). 

/ai'rfa; a; • ,^ 

V(a' - x')" -J a* -a? « 
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IRBATIONAL ALQBBBAIO PDNCTION8. 



158. rfp2£ = 1 r/('!!l^^ au, wh„. .. = . + »■ 

D. — Expressions Involving Vti + ia: + ca:'. 

4b 

Let X = a + fee + ca;', g' = 4 ae — 6*, and i = — ■ In order 



to rationalize the function f(x, Va + bx + C3?) we may put 
Va + iar + car' = Vic V^l + B» ± x', according as o is posi- 
tive or negative, and then substitute for x a new variable z, 
suoh that 

« = -/A^TBx + x^ ±x, if c > 0. 

K = 1 if c < and > 0. 

I where a and p are the roots of the equation 

A + Bx~x^ = 0, if c < and ^ < 0. 

By rationalization, or by the aid of reduction formulas, may 
be obtained the values of the following integrals : 

161. f-^ = -^.in-'(::^S^\ite<o. 

■> -fX V^ \^lf-ia^) 
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!4 IBEATIONAL ALGEBBAIC FTJKCTIONS. 

/• dx _ 2(2cg + &)VX 2A(ro-l) r dx 

67. Cx*^fXdx 

fJ)VJ/'„,6X, 16^ , 5 f 






,68, J X- VJ^ = ' 4(. + l). + 2(^+l)t J VT 

/xdx^_VX^_ i r dx 
VX" « 2cJ VX' 

70 f ^-fe _ 2 (fa + 2.) 

■ -" xVx jVx 

/ Zf&c VT A^ {" dx 
X"VX ~ " (2 » - 1) oX- 2 J x- Vx' 

„„ rx^dx f X ^h\ r^ , Zl? - \ac C dx 

"■ J Vx-(2^-47-)^ + ^^J Vx- ■ 

r ^dx _ f26*-4(W!)a; + 2a& 1 r dx 

J x-fx ~ «}Vx 'J Vx 
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IRRATIONAL ALGEBRAIC PONCTIONS. 

/ x'dx 

"(2»--l)c2^— 'VX (2n-l)c? J X- 



-•/9 



J -Jx "(2« + l)c 2 J VJ' 

r a;'X"(to _ a:X"V!y _ {2n + S)b ^ xX-dx 
J Vr ~2(n + l)c A.iri + l)cJ VZ 

2(« + l)J yfx' 
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177. 



IBBATIONAI, ALGBBRAIO FUNCTIONS. 

dx 1 . ./ bx + 2a 



r dx _ 1 ^.^_, / bx-\-2a \ ^ 

/: 

,85. r ;_ 



.84. r-^=-?^ 



_ VT 1 r .to A_ r &! 

r X"da: _ X- r X'^-^dx b r X'-^dx 

' J xVx~ (2n-\)Vx "'J x^/X 2J VX 

'J X- - X +2J^VX J Vx' 

■ -^ X»VX ~ c J Xn-'VX "J X"VX C'' X"VX 

/•x"X'(£a; ^ a;«-'X-VX _ (2w + 2m.-l)6 r a"-'X-.fa 
■■J VX (2« + ™)c 2c(27» + m) J VX 



n + .«) J VX 



{X_ 



VX (2re + 2m-3)ft / ' da; 



-'X'VX 
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IBEATIONAL ALGEBBAIC FUNCTIONS. 27 

101 r X-rf^c X-WX {2n-l)b r X-'d^ 

194. J/(x, V(:. -«)(:.- 6)) cir 

where M'(fl; —b) = x — a. 

E. — Expressions Inyolyihg Products o p Poweks of 
{a' + b'x) AND Va+'teTc^. 

Let X = a + fta; + ca;', i; = a' + Vx, 5 = 4 ac— 6', 
P = bb' -2 a'c, k = ab'*- a'bb' + ca"', then 

196. I — r^ = —j= log 

J v^X Vk ■» 



. if ftj<£0. 



196. I — ;== 1 if *: = 0: 



v^X 
thus, 



-' (a!±l)Va!'-l *»±1 



IBS c ''" - ^''^^ ^^ r ''" 
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28 IBBATIONAL ALGEBBAIC F01ICTIONS. 

J XVX b'q-JX 



r vdx b'^JX _ p_ r 

J X-VX~ (2n-l).Jr- 2cJ X' 

(■ iiX'dt ^ b'X'Vx _ A r x'dx 

'■J VX (2» + l)e 2J V3 ■ 



V? 



r_dx_ _ _ b'^/X _ (2m-3)ff Z' da; 

.fes 

206. 






r_jg__ ivVx 

J trVT "(2™-!)^..- 



2(m-l)o/- ix 



J ^ 



(2m-l)/3J^-iVT 
r Vxdx _ _ b'XVx _ (2m-5)j8 rVXdx 

(m - 4) c r VXd x 
(m-l)iJ .— ^ 
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' IRRATIONAL ALaBBRAIC FUMCTIONS. 89 

SOS. r.-V3=<ia!- ^ i-— ( ji^-lJS-VX 

210 r 'fa _ -g ("''^ 

+ (m + 2>i-l)e r ^— F=\' it4 = 0. 



-•/^ 






X'dx ■ 
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80 IRRATIONAL ALGEBRAIC FUNCTIONS. 

-(-"-«''/Fii-(™->*/il)- 
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MISCEXLANBOnS ALGBBBAIO BXPBB38IONS. 31 

IV. MISCELLAHEOnS ALGEBRAIC EXPRESSIONS. 

H.J"V2<ii-a^.iii-5:=iV2o«-a!' + jBm-'t^. 
15. f , -^ = versin- ? = cc-fl - S") 



216. 



a^rfa; :r"-'V2aic - ig' 



«a-2»^ 



J V2^^ 



V2oi-a!" 
217. f- 



rfx V2aj;-^ 

' »-V2oi~aJ~«a-2»)"!- 



^(2»-l)aJa!— V2«i~>:' 
218.pV2^^^..i:. ^ _ .-V^2^.p ^. 



+ '^1 + 2'° /"'"'^^ '"-'^■'^- 



jjj^ /- V2»^-^'.<fa _ V(2^-;.y 



(3 - 2n)£KE" 

w-3 /' V2ax-a:'.(fa 
(2»-3)aJ a--' 



). I — j=== = — sec-M — j- 
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32 MISOELIANEOnS ALGEBRAIC BXPBKSSIONS. 

J ^ Ya;" + a' an Va" + a^" + a 

+ tap-' g, _ ^ r, where 65' = 0. 

— log ( , — ) > , where ftS* = a. 

r a'tfa _ 2V^ _ ffl /* dx 

^^J a + b^" b bJ (ffi + 6a^V^' 

V (a + b^*Vi 2a(_a + bx'y/iaJ (a + tx*)^ 

■-^ (a + 6ar^* 2o(a + &i^ 4aJ (a + 63^)' 

If Oi, as, ct|, etc., are the roots of the equation 
p^ + p^of-'^ -^ p^-* + ■ • ■+Pn = fi, 
the integrand in the expression 

•^ (po*"+Pi3!"-' + ■ ■ • +i>J Va + bx-\-C3? 

C-,y,„/eJ by Google 



MISCELLANEOUS ALQEBBAIG EXPBBSSIONS. 



where m<.n, may be expresBed as tlie sum of a, numbei of 



partial fractions of the form =» and these 

(x- a^yVa + bx + ex" 
can be integrated by the aid of equations given above. Thus, 

228 f <^ + ? )'^ — 

_ y + tt'y C dx 

a'-b'J (x~- a')^a + bx + ca? 
q + h'p t" dx 

a'-b'J (aj-6')Va + &c + <a* 

S28. r ^.^_ 

-- ' ta.-:»J ("'-»'') 



). f ' '"^, 

' c' (d'e — oe ) ' a'c — ac' 



■VV(«^ 






Tvhere a" (a' + b'x) = a, + bx. 
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34 MISCELLAN£OTIS ALGEBRAIC BXPBESSIONS. 

838. J/(i, V» + Va + bi) dx 

=?//{'''"f"°-4'''""'"'' 

where a" = c + Va + bx. 

-■//{- [^]'. [5^]'.- ■}- 



,(«'i -»»■)//{ 






J (s-syr 

where !/•(«' + i'x) = a + &r aad a is the least common multi- 
ple of n, q, etc. 



831. 



//(a., v.- 



|-ar^<& 



„r,/' 2^»-> w^j-fa+^\ (g'V^-fe+v^)& 

where x« + Va = Va + bx + x'. 

835. Jf(x, VJTfaTS) it 

J-'VJ-2»' 2k-S ^ (J-2«)' ' 
where m = Vo + &b + a:^ — a^ 
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TBAIISCBNDBNTAL FUNCTIONS. 35 

v., TRAITSC£mD£iNTAIi FUHCTIONS. 

236. I sin x -/(co3 x)dx = — \ /(cos a:) d cos x. 

237, reo3ie./(8iint)rfa:= Cf(smx)dsmx. 

238, I sill I -/(sin «, co8a:)£ir = — | /(Vl — a*, *)(£», 
where 2 = cos a;, 

239. jcos a; ./(sin a;, cos a!)(£j; = j /(«, Vl - ^dz, 
where z = sin a. 

340. \f(siax, ao&x)dx= i /(a, Vl - n^—. ;a! = sina;. 

841. //(sin «) ^ = -//(cos (I - .)) ^(! - ,). 
2M. J>(tan I) <& = - J/otn (l - «) i(~ - j;)- 
843. //(.e. .) 4. = -//CO (f - .) i(| - .)• 

'J Vl-*"BiB"« -^ 2V(l-i)"(l-4'») 
There a = sin'^. 

oj. rcoS3r./rcos'3;)rf3! /•/(!-«)(?« ^ ., 

245. I — , ^ =- = I "^ ) ^ =. where « = sm'a:. 

-f VI- A* sin' a; ^^ 2V*(1-A'*) 
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TBANSCSBDBinAX, ¥UWCTLOSB. 



■^ Vl-A*8iii»a; *^ V ~ */ 2 (1 - «) Vl - kU 



S46. 

where » = siii"ic. 



247. C/(ta:a x) dx = P^''^^ . where a = tan a:. 

848. fsec'+^a: -/(tana;) rf3;=r(l+ *^V («)*'«; « = tan a;. 

S49. I /(sin a:, aQ&x)dx 

= -//(co.(f-.),.n(|-.)).(|-.). 

where 4,{x) = Cf(x)dx. 

2S1. //(«) . CO.-. <;. = COB-. . * W +X^B£. 

263. JVw■ctll-'a!<il! = ctll-'3:■.J(I)+J'i^^■ 
854. \ fix, iiasx)dx = — I fi'^ — z, sinsjde, 



pin»./(cos»)J» !/• y^ 

J <.+4cos» Sj-'V i 

where a = a + 6 cos x. 
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TBAU8CENDBNTAL FUNCTIONS. 37 

2M. \f(x, \(igx)dx=Cf(f, z)ifde, where « = loga^ 

S58. fir/(\ogx)da:=ff,t-*»-/{z)dz. 

259. (/(sinx, C03x, tanx, ctnx, sec at, csca;)(2x 

- I where a = tan ^ ; 

=//(., vrrr. -^,, ^, ^,, i) 

& where » = sin I- 
, ' where z = tan a: ; 



2Va(l-s) ' 

where s = tan'aj. 



2Vz(H-s) 
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88 TEANSCENDENTAL FUNCTIONS. 

1/ 260. ( sin xdx = — 003 3!. 



861. 



270. 
271. 
272. 



I sin' xdx = — ^ cos x sin « + ^ a; = J a; — J sin 2 a;. 
1 sin* xrix = — i cos x (sin' x + 2). 

/. . , sin"-' xcosxn~ir 
Biii"xax = 1 I sm" 'xdx. 

I cos 'i (£c = sin i. ' ' J 

I cos' a; (fa; = J- sin x cos a; + Ja; = Ja:4-isin2a;. 

COS* a; lie = ^ sin a; (cos' a: +- 2). 



cos''xdx = -cos"~*a; sin^^^-- 



^/«' 



n X cos a; rfa! = ^ sin^x. 

■fe = ~i(isin4>!-x). 
in a; cos" a; da; : 
n^a: cos xdx = 
cos^ar sin''x<iB 



w + 1 

sin^+'a; 



eos^^'x 8in''i 



—— I cos™-'a; 8in"a;(£c. 



873. I cos^a; am'xdx = — 



n-1 r 
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TBANSCENDENTAL FUNCTIONS. 39 

J COS"* n — m.\ coB'^'a; ^ J cos™a; / 

m — 1 \C03'"~'a: ^ 'J aos''~''xJ 

_ 1 /'™-^_ /-Bin:^Y 

m — 1 \coa" 'a: ^ V coa^-'a; / 

__, /*C0S"xrf3! cos^+'x m — n + 2 /'coB'"a;»ic 

'."■J-ii?^=- (»-i)dn— ., — ^^rr-Jn;?^ 

_ cos'"~'a: 1 *"" 1 /"cos^-'a-rfa; 

~ (m - n) sin-'-'a; m-rej sin-a: 
_ 1 cos"'~'3! m — 1 /*eos"-*3:(feB 
~ n — 1 sin"-'a: n — iJ sin"-** 

,„ pj^. r°°-(f-;)<i-). 

277. r^-^ = log tan X. 

J sm a; cos x 

878. f '^. . =l.gtan('; + |')-°»°»- 
J COS a; sin'a; " \4 2/ 

2,9. f—^ 

^ Sin"! C03"p:; 

n-2 /•• rfa; 

-1 J sm'"3!-Co3''-'3; 



- 1 8iii"-'a:-cos"-*a: 

-2 



_1 1 _|_ wt+n-2 r >fo; 

/ (£» 1^ cos a; m ~ 2 T dr. 
sin"* m — \ sin^^'a; ?» — iJ sm""-"* 
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40 TRANSCESDENTAL FUNCTIONS. 

881. fJ^_ 1 .^i^- + ii:|r_|V. 

J co8"35 n — 1 co8"~'a! n — \J cos" '« 
288. Ttan a: rfa; = — log cos x. 

283. J tan'xtie = tan a; — a;. 

284. ftan-aida; = *^"" ^ - ftan'-'sirfa!. 

285. j ctn x (ie = log sin X. 

286. I ctn'aitfo; = — etna; — x. 

287. j ctn"a!(fe= — ^-^— j^— J Ctn"-*a:i&. 

288. J sec X ix = log tan (^ J + 2 j = i log ^3^5^- 

289. I Bec*x<2x = tan x, 

««« r . r f^ sin* . n-2 C <^ 

J J cos''a! (m — l)coa''-'3: w— Ucos"-"* 

sin a: , n — 2 /* , - , 

(n— l)co8" 'a; n— li/ 

881. I cscx(£x = log tan^x. 
292. j csc'xdx = — ctn a;. 

DigiLizedbyGoOglc 



293. Ccsc'xdx = \ -r— 



TRANSCBMDENTAL FUNCTIOKS. 

dx- 



■r a-; 



(n-l)8m'. 
coaa: 

-tanftT-ii). 



- ij sin"-"a! 
+ I C8C"-'a;aa;. 



-i^./*- 



1 + Bins; 
•/I — sin X . V tv ■ i^j t^rfv 



^ 

1 + Ci 

rfa 



= tan ^ I, or cse x — ctn x. fi^^^ 



- ctn J a;, or — ctn x 









,898. f-rp-. — -?J5S-?.tan-'(see«.tanlx±tan« 
if a > &, and i = a sin tf. 

899. f- 






t 6 sin a: b 

if 6 > a, and a = 6 sin o. 



/dx — 1 . , rfc + o COS aiT 
— r-i = , ■ Sin"' ; , 
a + bco8x Vo' — 6* I a + cos xj 

1 . , r Va' — i''8in x~| 

or — ^-=sin-' —7 > ■ 

Vit' — &' L a + ScoaaJ 



tan ^3! I> 



2 ^ ^r h-i 

/^rya L b + acosx J 
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42 TKAHSCBHDBNTAL PTJNCTIONS. 

1 , rb + aaosx+^b'-a'- sin xl 

or -,J= log r^+^"°*'l , 

or , tanh ' — p- ■ 

Vft* — a* L A + a COS ic J 



, f ^ 



Iogtan(Ja! + ^7r). 



«"V2 

JOJ. r Bin^ifa p eos(i7r-a!)dft:r-») 

' ^ a + A COB a: J a + bain(^w — x) 

= -ilog(. + »0OB»,). 

/' (a' + b' eosx)dx _^ , n'6 — ab' C dx 
'J a + b cos X b b J a-\-b coi 

r {a' + b' iosx)dx _ fib' — a'b ajp a; 
™*"J (a + bcoaxy ~ a^-i^ a + bcosx 



aa' — bb' r dx _ 

■'" a'-b^ J a + btx&x 

/ (a' + b' coBx)dx 1 Hob' - a'b) sin a: 
(a + b cos a;)' ~ (n - 1) (a" -l^\_{a + beos a;)--' 

r [(aa' -bb')(n-l) + (n- 2) («&' - a'b) cob x1 Ac l 
"^ J (a + b cos a;)--^ J ' 
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TBANSCENDENTAL FUNCTIONS. 43 

J (l+coaa:)" (2n-l)(l + coBa:)"-' 

2n-l J(l + eo8 a;)—' 

/* <?a! 1 r — d sin a: 

J (o + 6 COB xy ~ (» - 1) («■ - ^) L(« + * cos X)—' 

son f '^^ = tanja; 

"•"■J (1+COSa;)- (2n-l)(l+C. 



h cos x)"'' 

Ox 
' (1 4- C08 «)'■ 

«in r (*' + fr' COS a:) <& o'6 — (li' - , , , 

810. I -^ ; r-r— ^ r == — j rr log (o + 6 COS x) 

J 8inx(a + i> COB a:) a» - fi» * '• ' 



w — 1 r tfoi 

'^2n-lJ (l+coaa:)— »' 



r log sin ^a; 



r log coa J a;. 



011 r (« + 6' COS a:) a!j! a' , . , ,, , . 

811. I -^^ ;: — r-r-^ — - = -logtani(A7r + a;) 

J coa a; (a + 6 cos a;) a ^ ^ ^^ ' 



(ab^-a;^ 



/ dx 
a + b COB X 

.iA /•(«' + 6' cos «) da; iia'zpb') ,,,,,., 

J Bin a: (1 ± cos a;) 1 ± coa a: * ^ ' * " 

/ dx — ctn ^ a; 
(1 - C03 a:)" ~ (2 M - 1) (1 - cob x)--> 

+ iLiii_r ^ 

2n-iJ (1 -cos:e)—» 
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44 TRANSCENDENTAL FUNCTIONS, 

/ dx r d^ 
a' - b' coa'a: ~ J (a* - 6^ + 6" aia^x 

1 sin fa — x) 

2 ai sin a sin (a + x) 

1 ^ Ytaiia;\ , 1 

or -r—- — T*^"" I ~ — ;; I > where cos a = ^r = 

a' sin p ^sin p/ cos ^ 



'■/^ 



1, .AtanseX 



-,.- /■ sin'xdx Va+li^ ,/ / o^N X 

316. I — r-j i- =^ ;^tan-' tana;--V — n — T' 

... r sinx eoscriic 1 , , , , . ■ a v 

318 f ^ = r '^(^-°) 

V (a + i cos ar + c sin a;)" J [a + r cos (a; — a)]" 
wlxere b = r cos o and c = r sin a. 



■»-/iTJ 



., r ft* + c' + a fS cos » + c sin ») "1 
LV(A' + c')(a + b cosx 4- csina:) J 



==-log 



r i' + c* + a(6cosa; + csina!)+Vy + c*-'i*(fisinj'-ccosg) "| 
L V(6* + c^ (a + * cos a; + c sin «) J 



VA» 4- c* - a* VA> + c' - o" + c - (6 - a) tan J a; 

Vo'-6'-c' L Va'-6'-c» J 
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TRANSCENDENTAL FUNCTIONS. 45 

320. C-TTT ^TT ■■ — = -log(a + ctania:). 

J (a [1 + COS x] + c sin x)* 

1 r c(a sin a — c cos a;) , , , ^ ,, ,~| 

= -^\ — ^— 7- r^ a log(a + () tannic) • 

... /•(■« + sin a!)<iE 

S22. \—r-, — = a:tani». 

J 1 + C03X 

323. rcoB a; Vl - A" sin' x dx 

s=i sinxVl ■— A^ain*a! + — 8iii~'(A sinx). 

324. I ain a; Vl — A" sin' a; (to 

= — -J- cos a: Vl — FBin'x ^-r- log (4 cos a; + Vl— A'sin^). 

325. J sina;(l — i" sin*;c)'tie = — Jcosa!(l — A'sin'ir)' 

+ 1(1 - ft*) J sin ar Vl - ft" sin' x dx. 

... r cos xdx 1 . , „ . 

•^ VI — A'sin'a: « 

or - log (6 8ina;+Vl + 6' sin' a;), where fi' = — ft*. 
327. f /'"'^'^'^ - = -j^log(fce03a:+Vl-jfsin'a;), 



/ Vl - A'ain'g+Vl-A:* \ 
®\Vl--f sin'ar-^vT^^/ 
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46 TBANSCBNDESTAL FUNCTIONS. 

829. J j-^p^ = - a: tan ^ (i TT - a:) + 2 log COS i (* TT - a;). 

J 1 - ain X = 3! etn i (i TT - «) + 2 log sin i (i TT - a:). 

/- = X tan i a; + 2 log cos i x. 
1 + cos a: ' o » 

/- = — a; otn i a; + 2 log sin A x. 
1 — cos a: * OS 

/ta.axdx 1 J^b-a \ 

, ^== , COB~M ■= — -cosx )• 

Vtt + * tan* a: Vi - a \ V6 ■ / 

= ■ ) , j &c — a log (a + ft tan x) + a log sec a: [- • 
336. I % sin a:<£a; == sin a; — x cos x. 

837. j a!*siua:dar = 2ai sina; — (x* — 2)co8a;. 

838. j ar'sina;rfa! = (3a^-6)sina; — (a!»-6a!i)cosa;. 

839. I ai^sinaida; = — a;"cosa; + m 1 aj^-'eoaairfic 

340. { x cos xdx = cos a: + a; sin x. 

341. I a" cos x (fe = 2 a; cos a: + (a:" — 2) ain 3!. 

342. ^a:«co8a^(ic = (3a;■-6)cosa! + (x'-6x)sina^ 
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TEANSCBaTDBNTAL FON0TI0N3. 47 

343. t x™coaxdx = x''Bmx — m i x^-^sinxdx. 

„.. rainx, 1 sin^r , 1 rcoax . 
844. i— ^<^ = 7--=-;H Tl-^r-i^- 

... /'eosa; , ' 1 cosa; 1 /•sina! , 

J X" m — l a;"-' m — lJ »"-• 

-._ /•cos a; le* a* a^ x' 

-.- r^<fe , 3^ . 7^ , 29a' , 127a» . 

l-xda: »■ , i' , Sit- , 61a^ , 1385j^'* , 

™'- J ,^x~ I'^i'i'.ni'.t.-er 10. 81 "*"■■■ 

»A Cxdx , . 

880. I ■■ ■ -;— = — a; ctn a; + Ior sin », 
J em' a: " 

381. I — i— = x tan a; + log cos a;, 
J cos'* =• 

362. rt' I a;"8ia"a;(£i; 

= a;"~* sin""' x(m sin a; — ma; cos a;) 

+ n(n-l) Cx'''6m''-*xdx-m,{w,-l) Cx'^-'am'xdx. 

363. n' la;'" cos" « tie 

= a:""' cos"~* X (m Cos x + na: sin a;) 

+ n(n — 1) j x^cos'^'airfa; — 7»(m — 1) j 3!'"~*C08"a!(ir. 
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TBANSCENDENTAL FUNCTIONS. 



3.4. C^ 
J am" a: 



1 r a:''~'(fft Bina: + (» — 2) a: coaa;) 

-(»-l)(.-2)L" sin-';. 

^ 'J sin''-"iC ^ 'J sm''-'a;J 

355. r^ 

1 r_ »""'(»[ eosg — (w — 2)a; sin a;) 

-(.-1)(»-2)L 003— « 

^ '^ cob" *a; ^ '^ cos" "sbJ 



356. /5i=^ 



a;((m - 2) BJn a; + wa; COS x) 



{rn.-\)(jn-2)\_ 

r cos"a^>^r 
J ai™ 

1 r coB*~'a'(Ba cos x — (wt — 2)coBa) 

-(m-l)(».-2)L 

368. I a:''siQ™a; cos"xc£c 

= - — z''~'am"'a!coB"~'a;(pco8a! + (*tt+n)a;sma:) 

+ (n — 1) (m + n) Ta:'' Bin"* coB'-*a;<& 
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TRANSCENDENTAL FUNCTIONS. 49 

— mp i 3;''-'Biii"'~'a! C08"~'a:da: 

— ^(p — 1) I x^~'sm''xao&'*xdx [• 

= - — A iE''~'8iii"'"'a;cos'a;(y aina: — (w[ + ft)iEC08«) 

+ np I a;''~'aiii'"~'a! C08"~'3jda: 

— ^(^ — 1) I aj'^'Bin^ar cos"3:iiB I- 

-,_ Z' . . , sinfm — n)a! sin(wi + n)a! 

3o9. I smm3iHnnxdx = —i~' [ ;r^^ — - — { — 

J £{m — n) ,f(m + n) 

_.- C ■ 1 eosfm — n)a! cos(m + n)3; 

360. I Sin mx cos naas! = -^ 1- ^ — ; ■ 

J £{m-n) ^(m+n) 

-_, /* , eintm — n)x , fliii(M + »)3! 

361. \ coamxcoa7ixdx = -~' 1'+-^, — r-T" 

J 2 (m — n) 2 ()» + n) 

S62. I sin* mxdx = r— (ma: — sin mx cob bkc). 

363. I coa*mxdx = ^ — (mx + sin ma; cos mx). 

364. I sin mx cob jnxdx = — -r — cos 2 mie. 
J 4to 

365. f Binna!Bin'"a!(ic = — -r- — — coa na sin^a; 

+ ml coa(n~l)x-sm'"'^xdx ■ 
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60 TKAH80ENDKNTAL FUN0TI0N8. 

366. I ainna:oo8'"xda: = — ^— — cos nx <ioa''x 

+ m i sin(n — l)xcoa''~^xdx [ . 

367. I eoanx autfxdx^ — — — sin n;i sia'a; 

— mi 8m(n — i)xsin''-'xdx I . 

368. I cos n« cos" a: dm = — ; — BianxcoaTx 

+ m i cos(w — l)x(so8''^'xdx ■ 

r cos nxdx p coB (n — l)xdx _ /' cos(ra — 2)xdx 

' J COB''x J cos"-"'a; J eoa'^x 

f'oos nxdx _ r sin(n — l)xdx /' coB(n—2)xdx 

' J siWx J sin"~'a) J ' sin^a; 

i^ sin nxdx _ „ <" cos(w — t)xdx r aia(n — 2)xdx 
' J sm'"x J sin"''* J sin"* 

g^g rejuvxdx^^ r am(n~l)xdx r sm(n-2)xdx 
' J eoa^x J cos""'* J cos*"* 

■ J cos na; J 1 + z"" ' 

where « = cos x + i sin a;. This yields two real integrals. 

/' (cospx + tainp*)^* _ _ r g'-^'-'de 
**'*■ J Sinn* J l-*"" 

where « = cos a; + i sin x. This yields two real integrals. 
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TBANSOBNDBNTAIi FUNCTIONS. 



___ (*(icosx~s\nx)dx C % 



cos a; -f- 1 sin aj 



This yields two real integrals, 
vcosna; 

378. I sin ax sin bx sin caidiE s= — + -j ^^ ;— — <— 

COS (6 + c — g) a; C08 (a + 6 — c) a; coa (a + ft + e) a; "^ 
"^ 6 + <J-a a + A-c a + b + e /' 

-__ 1™ , J , rsin(a + J + e)a: 

377. I cos (M! cos Sa: cos ca (m: = i i — ^ , , , — ^ 

sm(b +c — ti^x sva(a — b + c)x s\n{a + b — e)x ^ 
b + G-a ■*" a-6 + c "•" a + ft-c J" 

378. I sm ax cos fra; cos cxdx = —^< — ^— 

cos(6-^e-a)a^ wa(a + b-e)x eoB(a + e-b)x '[ 
fy + c-a "^ a + b-e "^ a + c-A /' 

^__ /* . , , , f sinfa + 5 — c)o; 

379. I cos ax sin 63! sin cxdx = i l ^ , _ — ^~ 

sin(g — 6 + c^a^ sin fa + b + c)x 3in(i' + c — a)x 'i 
"•■ a-b + c a + b + c b + e-a j 

380. I sin^'airfa; = a; sin"' a; + Vl —x\ 
881. I cos~^xdx = X cos~'a; — Vl — x\ 

382. rtan-'a;(^ = a;tan-'a: — 4-log(l + a!'). 

383. j eta-^xdx = xctn-'x-i-ilog(l + a^. 
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52 TEANSCENDENTAIi FUNCTIONS. 

884. j Becr^xdx = x Bec~'a; — log(x + Va;* + 1). 

385. J CBC-^xdx = X CSC-'a; + log(a! + Vx* + 1). 

386. fyeTain-'xdx = (x- l)veram-'a! + V2a;-a^. 
887. f(aia~^xydx = x(sm-ia:)' -2x + 2y/l-3f sin-'x 

388. f(ooa-^xydx = x(coa-^xy -2x- 2Vl -aT'coa-'a 

389. Cx ain-^xdx = iCCSx* - l)8in-'a; + a; Vl - a:']. 

390. fx coa-^xdx = i[(2a^ - l)cos-'a; - sbVI - x*]. 
891. J'a: tan-'a;rfa; = i[(a!»+ l)tan-i3! - a:]. 

392. Cx cta-'xdx = i[(a:' + l)ctii-' x + a:]. 

393. J a;sec-'a:da: = i-[a;'8ec-'a!— Vi" — 1]. 

394. fa; cso-'irdir = ilx' osc-'a; +Va;'-1]. 

396. faf eos-^xdx = — — /'a!" + » cos^'a; +f-' p - ^\ 
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TRANSCENDENTAL FUNCTIONS. 68 

898-J^^ = ^«< ;^ J —■ 

iOl. fe'"dx = ^- 

408. fx^dx = ^,(ax- 1). 

403. fx''e"dx = ^^ - - fiE-'-'e^ffe. 

404. \ —dx = 7 --^m + ol-^m ■ 

405. ra''Ar = j-^^- 
■ J i log a 

log a (log a)' (log a)' 

»(»-l)(.-2)---2.1.- . 
(log.)"' 

r^dx _aP_r 1__ kgj 

J I- »-lL "•-' («-2)»— ' 

(log")' I (log-)-' ra-dxl 

(»-2)(.-3)«— "^(n-2)(,-3)--2.lJ . J' 

408./^.l.g. + «log. + «Si2|fl! + fcj2|^ + .... 
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64 TRAUSOENDBNTAi PUNCTI0S8. 
411, f !^ = -i=tan-('.~-JiY 

412. f^=S=»^jiog(v;rTS=-v:) 

/e^fd sinx — eoaa;') 
e™ «iii xdx = '■ ^_^_^, ^• 

/e^fsina; + a cos i) 
e«co8 3!iAe = — '■ TX^ 

417. fe" sin' xdfl! = t- ^ — f sin a: (a sin x - 2 cos a;) + - j ■ 

418. re"coa'a;d3r = 7-37-i( cosa;(28ina: + a cosk) + -J- 

419. J'e'"8in-&c(fce = ^,^„a^. ((« ^in 6a! 

- «6 cos to) e« Bin— 'to + w(n - 1)6'J e^sin'-'to-drj- 
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TRANSCEKDENTAIi FUNCTIOKS. 55 

i20. fe^ COS' bxdx = -;--— ^( (a COB bx 

+ nA sinfia;)6"C08"-'&E + n(n — 1)6* | ff^cos'-'bxdx ]■ 



421. Ce^taxi'xdx 
e"taTi"- 



— — — ^ ZtJ «"ta'i'— 'jBfic- re"taa*-»a;(4r. 



423. J e"ctn"3!(ftc 

e"ctn' 



r~'a; a, C C 

■■ ■ ■■ H ^^ I e™ctn"-'3!da! — I e™ ctn"-' «(ic. 

488. rCife = -<^i™i±<tl21i!21i 
J sin"i (« — l)(n — 2)8in"-'a; 

^(»-l)(»-2)j8in— i 

424 f"-^ ... .co!i»-(.-2)rii,a. 

J cos'ic (m — l)(n — 2)cos"-'3! 

(» - 1) (ji - 2) J cos"-'x 

425. j e"sin"'3;co8"X(fa! 

= ^ - ., A e™ 8in""a! cos"-' a: (o cos ai + (m + «) 8in a;) 

— ma I e*'8in"~'a!C0S"'~'a;<£i: 

+ (n — 1) (m + n.) j e^sin^aicos'-'aiiij! 1- 
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TRANSCENDENTAL. FUNCTIONS. 

" 7 — 1/ -.1 . A ef"Bm°'-^xcos''x(a.8inx —(m + n)cOBx) 
+ na i e*'8m"'~'acos"~'arrfa: 
+ (m — 1) (m + n) Ce^sm''-'xcoS'xdx'i- 

= T — , A [^e'^<:os'~'xam''~'x(asinxcosx + nsiD^x 
— mcos'x)1 + n(n — l) Cef 



I 6™siii~a;cos''~'xrfi 



+ wi(»i-l) C &" sin—^ X cos" xdx^ 
= - — ^j A [e™aiii"'-^3!C03"-'3;(a8ina;eoa3!+*iHm'a; 

— Jtt cos'a:)] +re (n — 1) Te" sin"—* a; cos'-'aida; 
+ (m. — n)(m, + n — \) | e™ sin"-* a; cos" xdxV 

= -. — — - ,- ■■ A [e"8in— '3;eos"-'3!(«sm3:;coSiB-|-nsin*a; 

— mcoa*3;)] + m(m — 1) I e"sin"'""*a!COS'""'i(ir 

— (m — n){m + n — l) C ^9,m'"xc(^'-'*xdx \. 
426. J log xdx = SB log a; — X. 

428. J'<loga>)-<(r» - « (log »:)■ - « J'(log «)— lii. 

129. J'*-(log;,)-*. = !:^^^^|5i'__i_J^(l„g»).-.ij. 
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TBANSCBHDEHTAl. FXmCTIONS. 57 

Mi f ■^ ' I ' f '^ 

'"■ J (log I)- (» - 1) (log X)-' ^ » - 1 J (1»S »)""' 

4aa r '""'^ ^ a:"**' , m + 1 r se'dx 

'"■ J (log«)- (n-l)(log:.)— "^n-lJ (logi)— ' 

434. J j^ =J — dy, wherey= —(to + 1) logic 

JilogiT ov D /. J x(log2!)" (loga;)'' ' 

436. riog{a' + a:«)(£a; = a;.log(a» + a«)-2a; + 2atan-'f-y 

437. r(a + &E)"'loga:rfa: 

._l_[....,og(. + .,-./=^]. 
-log».log« + --^,(^-j +3,(^-j 

= i(logfa)--i + i(0-i(|)'+-... 
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58 TRANSCENDENTAL FUNCTIONS. 

440. f^iai^ " 

b(m-l)[_ (a + bx)~-' J x{a + bx)'"-'J 

443. f '°g^ 
•^ Va + jS 

=* 1 1 (logo: - 2)Va+feE +V^ log(Vo + fia: -I- V^) 

-Valog(VoTfti-Va) , if a>0 
= I Ulog a: - 2) V^T^ + 2 V=^ tan- ' ^^^^ I . if a < 0. 

444. I sin log3!f^ = ^a;[8iii logx — cos logz], 

445. I cos logaifir = ia![8in log a; + cob log a;]. 

446. I sinh xdx = cosh x. 

447. I cosli xdx = sinh x. 

448. i tanhaitfi; = Iogco8ba:. 

449. I ctnh xdx = log sinh x. 
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TRANSCENDENTAL FUNCTIONS. 



460. i sech xdx = 2 tan-* e*. 

451. I cscha;(£x = logtanh^* 

/I w — 1 /* 






sinh"*'iECOSlia; Xt) siuli'*'a;(4c.. 



/I n—ir 
co8h"a:da: = -Binha;-cosh'~'3! -t I co8h"~'x(it 

= rsinha^cosh' + 'a; -I ;—t I cosh'+'aidir. 

n + 1 n + lJ 

464, I X siah3rt^ = 3; coshx — siohx. 
456. I ;e C0Bhx(£x = x sinhx — coshx. 

466. i X* Biahxdx=(x' + 2')coBhx — 2x siahx. 

467. I a:" sinhiiiE = af coshi — M3^-' sinha: 

+ «(n — 1) I a:""' sinh «<&. 

458. i ainh? xdx = ^ (ainh X coah X — x). 

469. rsiiiha;cosha!(£j; = Jcoah(23-). 

460. I cosh'a;dar = iCsinha; cosha: + x). 

461. rtanli'a;tia: = a: — tanhx. 
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60 TBAN8CBNDBNTAL FUNCTIONS. 

462. CctDh.*xdx = x — ctuhx. 

463. Caech*xdx = t&nhx. 

464. i cBcVxdx = — ctuhx. 

466. I sinh~'xdx = x sinh~'a; — Vl + ir". 

466. C eosh~'^ xdx = X cosh-^ X — Va;' — 1. 

467. rtanh-'a;(ii: = 3;tanli-'3; + J^lt«(l-x^. 

468. TiB sinh-' xdx = i[(2a;' + l)3inh-' x - xVl+l?}. 

469. Cx cosh-' iBdic = i[(2a;» - l)co8h-' x - x^x* - 1]. 

470. r_-4__ 

»/ cosn a + cosh a; 

=s each a [log cosh i(x + a)-~ log cosh i (a; — o)], 
= 2 csch a ' tanh~ ' (tanli J- z - tanh ^ a). 



I. f — ^ 

»/ Cos o + c 



471, 



= 2 cscotan~'(taDliia;-tan^a). 

T — = 2 cscfl-tanh''(tanliia!tan Jo), 

cos fl -cosh ar \ " ' / 



473. I ainh a; ■ cos a; rfx = J (cosh a; - cos x + sinh x ■ sin a:). 

474. I coahaicoaairfx = J(sinha:-co8a! + co8hx-sinx). 
476, I sinh x ■ Bin a; Ac = i (cosh a; - sin x — siah x ■ cos a;). 
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TRANSCENDENTAL FUNCTIONS. 61 

I coah X - sin xc£c = J- (sinh x ■ sin a: — cosh x- cos x). 
;) sinh (nx) dx 

ainh {nx) cosh (ma;) — n cosh («a) einh {mx) ■ 
:) sinh (me) dx 



476. 

477. ( sinh 



•■f' 

_ 1 

478. feoshi 

1_ 

479. fcosh 



[" 



m3inh(n3:)sinh(nia:) — n cosh (na) cosh (two;) ■ 
mx) cosh (nx) dx 

»i sinh (ma:) cosh (««) — « sinh («a;) cosh (ma:) ■ 
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d2 miscellaneous definite intbobals. 

Tx MtacELi.Aimona dzfinttb intx»raxs.« 

48aJ^'^^ = |. ifa>0; 0,ifa = 0; -|, ifa<0. 
481. J" 3!"-ie-'.fe=J' logi iia! = r(TO). 

r(2 + i) = s-r(z), if 2>o. 



T(n + l) = nl,iinis an integer. r (s) = n (s - 1). 

r(i) = V^. Z(2/)=i?„[logr(y)]. 2(1)= -0.577216. 



483. I sin"ir(ie= j cos" a; da: 



l-3-5- --( n-l) TT ., . 

= 2-4-6- ■ -fa) ■ 2 ' ^^^'^ integer, 



_ 2-4-6---(w-l) 
1-3-6-7- ■« ' 



if n is an odd integer. 



= i V^ — ^ ^j for any value of n greater 



<i-) 



^aiamxdx tr 



ilm>0: 0, itm = Oi - J. ifm<0. 
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MISCELLANEOUS DETINITB I1ITEIGRAI,8. 63 

485. I = 0, if m < — 1 or m > 1 ; 

J, if m=-l or m = li |. if-l<m<l. 

487. J cos(a!*)<&= J 8m(a?)dx= iyj"^- 

488. I sin Aa;-sinm3;rfx = I cosfcc-eoswuida! = 0, 

if k is different from m. 



19. I 8in*wia;da;= I cos' ma; rfir = ^ ■ 



/*" co8ma;rfx _ "n- 



491. r££^= r!iM^^J|. 

492. J" .-•« i« = J^ V;; : = ^ r (J). 

496. J".-" VSirc - ^'j-y/^- 

497. f''^<lis=-J-- 
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64 MISCESLLANBOUB DBFINITE INTEGRALS. 

498. 

499. 



X' dx _ IT 

t^ + e— ~4n" 

500. j sinh (wui) ■ sinh (nx) dx= t cosh (wia;) ■ cosh (nai) dx 
= Oj if m is different from n. 

SOL I cosh' (ma;) dx= — \ sinh' (mx) dx = -^' 

502. J^"^ "flinh (ma;) dx = 0. 

503. r cosh (ma;) dx = 0. 

504. j sinh (ma;) cosh (nx) dx = 0. 

505. j Binh (ma;) cosh (mx) dx = 0. 

506. J e-"coBwa;(to= ° , i if a>0. 

507. I e-" sin m^rt^a; = -j— — ;» if a > 0. 

508.^ ff-'^ COS bxdx= '^^"^ "* • a>0. 

509.X'i^^ = -^. 



510. ,,^ j2 
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HISCELLANBOTIB DEFINITE INTEQBALS. 






913. 

5,4 r'JSlzi!i^ = i„g£^,i, +l>0,j + l>0. 
Jt log a; ° q + 1 ^ ' ' 

515. f (loga:)"(ii!=(-l)-.n!. 
516. 



517. _£Yli)glj it-nl. 

™X'- 



= v^. 



519, r'x"logf-Vd!c = /'^"t,-|^. .ifTO + l>0, « + l>Q. 

621. J ]ogainxdx=ij logcoaa:(ic = — ^-logS. 

X ■ log sin artfoj = — -2" log 2. 
523. J log(a± J cosa;)rfa; = 7rlogf ^ 1 V a^J. 
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EUJPTIC INTBGBAU. 



TH. EUJPTIC mTEXlRAIA 



^(**)^X*:; 



where i-* < 1, a; = aio ^. 



£(■11,, k) =f Vl - A* sin* $ ■ de. 

X* d9 
;== 
(l+B8m'fl)Vl-it*S 



^ = ainii, sin ^ = x = sn w, cos + = Vl — a:*=cnw, taD^=tDu, 

4* = Vl-A'sin^^ = Vl-/:V=dnw, A'» = l-r. 

w = am~*(^ i)^3n-'(a:, X;)=cn''^(Vl — x*, ft) 

= dn-'(Vl-)tV, A). 

X=F(iw, A), J'= J^(iir, A-), £=£(iir, A), S'- J(i9r, A"). 



1 + A^ ■^-A + cosa*> 



^'o Vl - A" siii»fl 



i25. r* Vl - A* sin'tf ■ rftf 

=i[^-«)-^-(i^)"f-(i^)'i-a'-<'- 
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BIXIRnC mTEOBALS. 



526. f* , '" = = -^._g-sinf C08.»r|^i;' 



i»hete A, = i3ltf4, + ^, ^ = J sin"* + ^ sin',f + j-j-j, 
527.J* VI - k' 3iD^S-dS = -<l>~E+Bia<j>eos<j> f^ A' 



!8.«jr'- 



V(l - a;') (1 - A^') 



= i?'(sin-'x, A). 0<3;<1. 

V(l - a;^) (A" + A'x^) 
= J'(cos-'a;, k) = sn-' (Vl - ar", A). < a; < 1. 



^= = dn-'(i, A) 
V(l - a:') (ar^ - A"-') 

= -P(A-'a!, A) = 8ii-"Q Vl-a:', aY 0< 

531. r , '^^ =tn-'fa &) 

-'« V(l + x') (1 + k'^x') 

= F{ta.n-^x, k) =6Tr^(—-^ ■ k\- 0< 
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ELLIPTIC INTEGEALS. 



532. f , ^ =2ta-'(-Vi,k) 

- 2 i?(sm-' VS, i). < I < 1. 

533. f , "^ =2cn-'(v^, a 

-ZFCoos-'VS, i) = 28ii-'(Vir^,i). 0<i<l. 

= 2J'(i->^/^, &) = 2 8u-'rivi-a!,ftYo<*<l. 

535. f , ''" =2tn-'(V:^, « 
*^« V(l + it) (1 + A'^) 

- 2 i^Claa-' v^, 4) - 2 an-' T-y/j-J^. jY 0<i<l. 

536. f , '''^ „a,„-fcjY ,>s>^>0. 

537. r, '^ =l.n-fcjY .>.>J. 

538. f' ■" 

539. r, ■^ 

= , ^ m-Y-'— F^=V re>J>0. 
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ELLIPTIC INTEGKAL8. 



540 f ^ 

1 ,/J a^-i- ^!^^\ ^ ^, 

= -8aMV-i — IS' A/ ; — J" a>x>b. 

541. f • , '^ 

VJTT; V'l-r ^K-r/ 

541 f "^ 

-'• V(i-a)(»-«(a;-y) 

544. f ''^ 



'■X' 



°**X'" 



^ 

Ac 



V(a-a;)(^- »)(r.~r) 



tWJ 



,dt, Google 



70 ELLIPTIC INTEGRALS. 

dx 



'■s: 



V(a-r.)(^-i)(«-y) 

^;— \^0-y ^<'-y/ 



A V(a-«)(^-i)(,-»:) 






•V(.-«)(;3-=:)(,-«) 

V^TTJ \1a-x ^a-yj 
a>^>y>i. 



'f 



V(a 



V(:.-a)(»-ff(» -T)(.;-8) 



55L r* '''' 



S) 



«>«>/3. 

552. f, ''' 

•'» V(a-»)(»-ff(» -T)(»-8) 

2 „,.-y.l»-T »-g ,)a-g y-8N 
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BLLIPTIO INTEGRALS. 



•J(a-x)(Ji- 



V(a-y)(^-8) ■ 



594 



f • , 

Jy V(o-i)(^- 

2 
= , SI 

V(«-r)09-8) 



2 

~V(a-,)(^-8)" 

556. f- 



V(«-«)(. 
2 
"VCa-,)(^-S 

557. X" 



V(a-i)(^-«) 

2 

= . — ^ an' 

V(a-y)(^-8) 

658. I Bn a; (& = 7 cosh" 

559. I eiiar(ii; = 7 coa"' 



(x-y)(x-S) 






(»-t)(i.-S) 



\^^-r ^-> Vo-T ;J-8/' 



\\y-S f-X Va-y f-Sj 



(y-x)^^-S) 



V^ly-S «-» Va_y ^-87 



(y-i)(S-a,) 



\y<i-S y-i V„_y ^_sy 
8>» 



[dnic). 
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72 Ea-LIPTIC INTEGEAia. 

560. I dniEtJz = sm~'(snx)= amx. 

^ Bti a: ° [^cn a: + da a: J 

568. r-^,llog p''°'+''°' "1. 

563. r;^=i,t..-r ^:'°-'-""' ]. 

564. f^n'xdx = ~lx - E(am x, ft)]. 
ca'xdx = T5[£(am x, k) — ft"a;]. 

566. f'An'xdx = £(am x, k). 

567. (m + l)j'sn''xdx = (m + 2) (1 + A^ J'sn'»+»x(£c 

— (m + 3)Si' I sn™+*a!tte4-sii™+'a; cnx duic. 

568. (m + l)'i:'*J"cn'"a:aii;=(m + 2)(l-2ft^J'cQ"+'a;^ 

+ (j» + 3)F rcn"+*a!(&:-on"+'a! sn^dna:. 

569. (m + l)ft'"J*dn'-3!^ = (m + 2) (2 - k')fdn'"->-'xdx 

— (m + S) j dn™+^a;(ii: + &'dn'"+'a:3na:cDa% 
Since aii''e = ^-~[l~k'-cia^e), 

— — = — 1 1 VI — Jt>Eln*fl.(W 
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AUXILIABT FOBMTTLAS. 73 

vnL AUXHJART FORMnliAa 

A. — Trigonohbtbio Fuhctioms. 
570. tan a ■ ctn a = ain o ■ esc a = cos a - sec a = 1, 
tana = sin a + cos a, 8ec*o = l+taii*a, 
csc'a = 1+ ctn'a, sin' a + cos' a = l. 

STL sin a = Vl — cos* a = 3 sin ^ o ■ cos J^ a = cos a ■ tan a 
__ 1 _ tan a _ |l — cos2a __ 2 tan^o 

~Vl+ctn'o~ Vl+tan»a~^ ^ ~l + tan*ia 

= V % = otn Aa ■ (1 — cos a) = tan * o ■ fl + eoa a). 

' ace* ft " ^ ' a \ / 



872. COB a = Vl 



Vl + tan* a Vl + etn* o 

ll+cos2a l-tan*i^ffl _ 
2 "l + tan'ia"'' 
in*Ja = 2 co8*fa-l = 



2a _ /esc* a — 1 _ ctn J a — tan J- a 
no ' esc* a ctn J a + tan J a 



Vl - sin' a cos ft 1 + c 



_ 1 — coa 2 a _ \\ — COB 2 a _ 2 tan j- a 
ain2fl ""Vl +cos2a ~ 1 - tan*ia 

^ seea 2 2 ctn ^ a 

CSC ft ~~ ctn J o — tan Jo" ctn' ^ o ~ 1 
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74 
574. 



AUXILIABY FOBU0LAS. 





-a. 


WP±a. 


lSOP±a. 


270O ± a. 


360»±«, 


Sin 


-Bino- 


+ coBa 


Tsina 


-COB« 


±sina 


COB 


+ co8a 


q: Bin or 


-coBa 


±Biaa: 


+ 009 0: 


tan 


— Una 


Tctno- 


±ta,na 


T ctn or 


±tana 


ctn 


-etna 


Tt«na 


ictoa 


Tlano' 


±Ctna 


sec 


+ Beca 


TCBca 


— seca 


±CBca 


+ 8eoa 


CBC 


-csca 


+ 860 0' 


TCBCrt 


— aec rt 


*""" 





0°. 


80". 


45». 


60=. 


B0°. 


120°. 


13B". 


150=. 


180°. 


On 





i 


iS 


iVS 


1 


jV5 


t-Ji 


+ 





Qoe 


1 


i^ 


iV2 


+ 





-» 


-iV2 


-iV3 


-1 


tan 





1 


1 


V8 


- 


-^^ 


-' 


"^ 





ctn 


« 


■s 


1 


VS 





■Ja 


-1 


-V8 


« 


sec 


1 




^^ 


2 


. 


-2 


-\^ 


2 
V3 


-1 


CSC 


«, 


2 


V2 


2 


' 


2 


■J2 


2 


» 



576. sin Ja = Vi(l - cos a). 



577. COB i- o = V^ (1 + cos a). 

__- , , /I — cos a 1 — COB o sin 

578. tani-o = Y—; = — : = t-; — 

* 1 + COB a Bin a 1 + a 

579. sin 2 a = 2 sin a COS a. 

580. sm3a = 3 sin a — 4 sin* a. 

58L sin 4 a = 8 cos* a • sin a — 4 cos a sin a. 
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AnXEUABY FOBMULAS. 7i 

582. sin 5 a = 5 Bin a — 20 sin' a + 16 sin' a. 

583. 8in6o = 32coa»o8ina-32co8'a aino + Scosa sina 

584. coe 2 o = cos' a — sin' a = 1 — 2 sin* a = 2 cos' a — 1. 

585. cos3a = 4 co8*a — 3 cosa, 

586. cos 4 a = 8 cos* a - 8 cob* o + 1. 

587. COB 5 a = 16 cob* a — 20 cos" a + 5 cob a. 

588. coe6a = 32co8*a — 48cos*a + 18co8"a— 1. 
tan a 

- tan*o 

590. ctn2a = °^'"~^ - 
2 etna 

59L sin {a±p) = sin a - cos j3 ± cos a - sin p. 

598. cos (o ± j8) = cos a ■ COB ^ :f sin a ■ sin (8. 



/ ^ o\ tan o ± tan ^ 



595. sina±Bin/3 = 2sinJ(a±/3)-eo8i-(aT/3). 

596. cos.a+co8)3 = 2coBi(a + j3)-coBi((i-/3). 

597. cos a - COB )S = - 2 sin i (a 4- /9) ■ sin i (a - /9). 

598. tan^±tanff= ""^"^^i - 

cos a ■ cos p 

599. =to.±oto^ = ±Hiii±fi. 

'^ Sina-BinjS 
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76 AUXILIARY rORMUIiAS. 

SCO. !!!Li±i!i| = taJC«±«- 

COS a + COB a » \ r-/ 



ggg^ sin a + sin ff ^ tan j- (g + ff) 
sin a — sin j8 tan i (« — 0) 

603. sin'o-flin'0 = ein(a + ^).sin(a-^. 

604. co8'a-cos'/3 = — 3in(o + j8)-sin(a-0). 

605. cos'a — sin'0 = oos(a + ^coa(o — (3). 

606. s\axi = ^i{e' — e-') = ismhx. 

607. COS a;* = j (e* + ^') = cosh x. 

608. tan a:* = *\^ ~ ^'> = f tant a;. 

e' + e-' 

609. «'+'' = e'cosy + t«*siny, 

610. a'*'* = a"cos(y-loga) + W!'sin(y loga). 
61L (cos tf ± * ' sin ff)' = cos n0 ± i - sin nO. 

612. sin3; = -ii(e^-«— ^. 

613. COB a: = ^- (fl-* + tr'^. 

614. tanj = -f ^^~^ - 

615. 3in (x±yi)^ sin a; cos yi ± COS a; sin yi 

= sin ar cosh y±i cos « sinh y. 

616. cos {x ± yt) = COB x cob ^' ^ sin x sin yt 

= cos X cosh y :7: i sin a; sinh y. 
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ADXILIAEY FOEMOLAS. 
In any plane triangle, 



618. a'=b' + <^-2bceo8A. 

619 " + ^ _ sin ^ + sin -B _ tan j-(^ + B) _ ctn j-g 
a-b smA-sinB~ ta.nl(A-B)~t3Jii(A-B) 



620. smiA = yl^ — ^^J^ "h where2s = a + 6 + c. 



621. eo8j^ = 



be 



622. taDi^ = -\fc ^^^j^ "^ ^ 



Area = i ftc sin ^ = Vs(s- a)(8- J)(s-c). 



In any spherical triangle, 

sin a sin o sin e 

625. COS o = cos b cos c + sin 6 sin c cob ^. 

626. — cos A = cos B cos C — sin B sin C coa a. 

627. sin a ctn 6 = sin C ctn B + cos a COS C. 

628. cosi^ = #"'-7^'-'^^ - 

629. ■ii.M'V'-^'^^^^ T'''^'"'' - 

' Sin ('■Sine 

63ft ant^ = JSall^ »f<'-') . 
» Sin s ■ sm (s — a) 



DigiLizedbyCoOJ^IC 



78 AirxiLiART POBin:i.As. 

63L eoB^ 

632. 8iD 

633. tanl« = \C^^^^^E^. 



1« J" 


»(»--B).oos(S-C) 




sinBsmC 


J. J- 


oo.S.co.(S-^) 


*• \ 


sin B sin (7 





2> = a + i + c 25=J + £+C. 


634. 


cos 4 ( J + B) = !??^i2 sin ^ C. 


635. 


co.i(^-B) = S=iIi±S.inia 


636. 


sin K^ + B) = 5^^=^ cos f C. 


637. 


sin i (.1 - B) - !2i^i=-S cos i C 


638. 


ton i (^ + B) = ^i|^l^ eta 4 C. 


639. 


'"«^-'=)-i£|^"°*''- 



_,„ cos4(ffi + ft) ctnjC 

0084(0-4) ton4(^ + B) 
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AUXIWARY P0RMULA8. 



79 



In interpreting equations which involve logarithmic and 
anti-trigoiiometric functions, it is necessary to remember that 
these functions are multiple valued. To save space the 
formulas on this page and the next are printed in con- 
tracted form. 



643. sin-'a; = 



Vl — 3!* = tan-' 



2sin-»[i-iVl-!c']t 



1 



= iBin-"(2a: Vl - 3!*) = 2tan-' l- 



f TT — cos-'a! 



= iir — sin~' Vl — a?= — Bin~'(— a;) 



= i TT + J sin-* (2 a:* - 1) = i eos-»(l - 2 x*). 



= Jtt — ain-^a: = 2 008"'"^ — s~" 
= Jcoa-»(2i'-l) 
= 2tan-Vj^j:^ = itan-'|^ 2a='-l 
= <i8C~' = 7r — COB~^(— !E) 



.■ )og(j; + V»?'-l) = IT - i log(V 
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80 ACXILIABT FOBMDLAB. 

645. tan~'a; = Bin-' ---p^^ = cos~' , = '^ * sm~' t— — ; 

= ctn-' - = J TT — ctn-'a; = see""* Vl + x^ 



= i^TT — tan-'- 



■m] 



iT 



„ ,r i + vi+P i' „ . _,r vi+r'-ii 

2co8 ' , =2am ' , 

.^ ,rVl + ai'-l"| 
ltan-.|_ J 



= itan- 



tan~*c + tan~ 



646. 8iii-'j;±«m-"j, = siii-'[»Vl-j'±!/Vl-ii!^. 

647. co3-'3!±C0H-*y = C08-'[3;yT V{1 -3!")(l-y03- 

648. tan-»«±taii-'w = tan-' f^^ ■ 

649. siii"'a!±eos~'y = 8iii-'[3:j±-v'(l — a^)(l — y^] 

650. taii-'a!±ctn-^y = taii-M^^^^- =ctn-'M^^^ ■ 

651. log (S + sn)^il»e(»'+ »*) + •<='■'"'(!' A)- 
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AUXILIARY rORMULAS. 



- Htpeeboi-ic Functions. 



652. sinli a; = J («'-«-') = - sinh (- ar) = - i ain (tr) 

= (each x)-' = 2 tanh ix+(l- tanh' i x). 

653. cosh a! = J («* + «"*) = co8h(— x) = cos(M:) = (8ech3!)-' 

= (1 4- tanh' ix)-t-(l- tanh' J x). 

654. tanli3; = (e'-«-') + (e' + «-') = -tanli(-x) 

= — i tan(ia;) = (ctnh3!)~' = Binhan- coaha;. 

655. coah xi = cob x. 

656. sinh xi = i sin x. 
637. coah'u!-smh»!c = l. 

658. l-tanh'3; = aech*a!. 

659. 1 — ctnh'ai = - each' a;. 

660. 8inh(x ± 1/) = ainh a; ' coah y± cosh z- sinh y. 

661. cosh (a; ± y) = coah x ■ cosh y ± sinh x ■ sinh y. 

662. tanh (x±y) = (tanh a; ± tanh y) + (1 ± tanh a; ■ tanh y). 

663. sinh (2 x) = 2 sinh x cosh a;. 

664. cosh (2 a;) = coah'a; +ainh'y = 2 coah'x — 1 = 1+2 sinh'x. 

665. tanh (2 a:) = 2 tanh a: + (1 + tanh'a;). 



666. sinh (^ x) = V^ (coah x - 1). 

667. cosh (i a;) = Vi (cosh a^ + 1). 

668. tanh (J a;) = (coah x — 1) + sinh x = sinh x ■*■ (cosh a; + 1). 

669. ainh as + sinh y = 2 ainh i (a; + y) - coah J- (x — y). 

670. sinh x — sinh y = 2 cosh i (x + y) ■ sinh J (x — y). 
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82 AUXILIABT FOBMULAS. 

67L cosh z + coeh y = 2 cosh i (a: + y) ■ cosh Hx — y). 

672. coah x — cosh y = 2 sinh i (a: 4- y) - sinh i (a: — y). 

673. d ainb a: = cosh x ■ dx. 

674. d oosh X = sinh y ■ dx, 

675. c^tanhx = sech*a;-(£r. 

676. dciahx = — csch'xdx. 

677. <i sech x = — sech a: ■ tanh x ■ dx. 

678. <2 csch x = — each x - ctnh x-dx. 



679. 8iiih-'a: = log(a:+Va^+ 1) =J*- 



dx 



. coah~'ai = log (a; + Va:" — 1) = I . 

*' V a:* — 1 

= sinh'* Vx"— 1. 

unh-'« - J loga + ») - 4 losa - ») -/t^ 

, Ctoh-% - I l0g(l + J!) - i l0g(» - 1) -Jj-^ 

, seoh-'i = logQ + V^-lj = -/^^^==i- 
, dainh~^a!= , — =■ 
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687. rftaiih-'j; = J 

688. datTih-^x = - 

689. dsech->!e = - 

690. dcscih.-^x = - 



u 


m is an integer, 




691. 


8inli(m7K) = 0. 




692. 


cosh (wiTTi) = cos mi 


r = (-!)-. 


693. 


tanh (miri) = 0. 




694 


sinh (a; + miri) = (- 


-l)-sinhi. 


695. 


cosh (X + miri) = (- 


-lrcosh(>!). 


696. 


8iiih(2OT + l)i7ri 


= isin(2m + l)} 


697. 


cosh(2»i + l)iiri 


= 0. 


698. 


sinhT^'iai^-icoshai. 


799. 


».h(f..).. 


i sinh X. 


799. 


sinhu = tangdu. 




791. 


cosh M = sec gdw. 




798. 


tanh M = sin gd «. 




79a 


tanh }u = tan ^gd 


,. 


791. 


« = logtan(i7r + Jgd«). 
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. AUXILIABY FORMULAS. 



C — Elliptic Functions, 



If t 



Ei^(*,A)-jr'- 



dz 



Jo V 



V(l — 2*) (1 - *'*») *'» Vl— A'sm*tf 
where ft < 1, and x ~ sin i^, ^ is called the amplitude of m and 
is written am (m, mod k), or, more simply, am «; a; = sin^ = sum, 
Vl — a^ = COB <^ = en M, Vl — ft^x' = A<^ = An m = dn w, 
^=i?'(i7r, ft), ^=F(i7r, ft"). 
Hence, am(0)=0, 8n(0) = 0, cn(0)=l, dii(0)=l, 
am (— m) = — am u, an (— m) = — sn «, 

en (— «) = en «, dn (— ' m) = dn «. 



705. 


8n*M + cn'M = 1. 


706. 


dii'« + *'sn'« = l. 


707. 


dii'«-ifcn'ii = l-t' = 4". 


708. 


„ 2 sn M ■ en « ■ dn M 


709. 


cn'M -sn"w.dn»M 1 — 2sn*M + A* sn'w 


"°-" 1-i'sn',. l-i'.n'« 




^ 2sn'M-dn'M 2 cn'u 




' 1-Psn'« l-i'8n<« '■ 


710. 


^ „ dn'»-j!'8n"..<!n'» 1 -2i"sn'« + i'«n<.. 


''°-" l-i>an'« 1^4'sn'a 




24'8n'«.cn"« 2dn'» 
l-i-Bn'. l-*-8n'« '' 


71L 


y«\ l-cn« l-dn« dno-cni. 


°''\2j l+dn« Ji'(l + cn«) j!" + diii<-j!"<!iii. 


712. 


Ju\ dn .1 + en « F en « - i" + dn « 
™l^2j l+dn« i!"(l + on») 




i'a + en«) 
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\2/ 1 + dnM 



A" (1 + cu «) 



A'*(l + dn u) 
" A" + dn M - *' en ij 



If, 



.=X'^ 



• V(l - S») (1 - i»3^ 

714. sn' « — sn' w = ca* v — en' «. 

_,- , , anw-cn v-dnr ±cn w-sn vdnw 

715. sn(M±w) = ; 7T — 7 ; 

"• ' 1 — A* sn' u ■ an* r 

716. c.(..±») = °"°°°''=^,'°''."''.''°"''°' 

^ ' 1 — «* an' w ■ an' V 

= en w ■ en f ^ an M ■ sn « ■ dn (« ± «). 

717. d.(.±.) = ''°°-'''"/''''°r'"''.''°'-''°° 

^ ' 1 — At 8n' M ■ sn' V 

=5 dn M ■ dn w ^ ft* sn M ■ sn V ■ en (m ± tf). 

^ ' 1 T tn M ■ tn V ■ dn M ■ dn u 

719. 8n(w + i-)H-sn(«-v)=; r- — -. j-- 

^ ' ^ ' 1 — A* sn' « ■ an' « 

___ , , , , , 2sn«-cnM-dnM 

720. sn(« + u)-8n(«-j')=^ - . - . - , --■ 

^ ' ^ ' 1 — i* sn' M ■ sn* w 



721. cn(u + v) + cn(u-v) = j^^^^^- 

TOO „„,, , ^ „„, -._ 2 sn M ■ sn f ■ dn w ■ dn y 



. dn(« + i')+dn(w-i;) = 



it' sn'w-sn'i 

2 dn M ■ dn y 
l-&'sn'«.8n'«' 
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724. dn(M + «)-dn(M-w) 



ATTXIUABY FORMULAS. 

2 k' snu'snv-cuu-cnv 



1 — A" Bn' w ■ sn' t 



725. Rii(u + v).&n(u-v)= . ," , 

-1 — — R^'^' + Jfc* sn* it . cn' f _ ~| 



_ en' y + sn' M ■ dn* r t _ ^ ^ da' v + A* 8n*it ■ en' t 
1 — A' Bii*«-8n*i 



726. en(« + u)-on(u — u) = y- ,.— ■ -, 

'^ ' '' •' 1 — &*sn'u-8n'v 

cn*M + cn'w sn' M ■ dn' t) + sn' ff ■ dn' 4 



1 — A* sn' « ■ sn' * 



727. do(M + «)-dn(«-«) 

1 - ft' sn' M - ft" an' p + A* an* w . sn' t 



1 — ft* an'wsn'* 
dn'w + dn'p 



728. 8n(«±«)cii(M^«) 

729. su(u±w)dn(uT'') 



1 — A' bh' m ■ sn' w 

M ■ en M ■ dn « ± sn v ■ en v ■ dn m 





1 


-¥ 


Bn'«. 


sn'w 




sn u ' dn u 


en 


r,±sn 


• dno. 


cnw 




1 


-*• 


sn'». 


an". 




cnw 


■ dn.. 


eav- 


dntiT^^snu 


-Bnv 



" 1 — 4*8n'M8n'« 

732. sn{m,k) = iRa(u,fc^/cn(u,k^. 

733. cn(m, J) = l/on(«, J'). 

734. dn («i, S) - dn (», tV™ (». *')• 
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,35 l»Uf 
du 

737. . 



73S. i^ 

du 



739. i5^il = 2ft*sn*M-(l + fc^8aM. 



du' 



- A^ dn M - 2 dn* «. 



742. sn(M±i") = ±ciiw/dntt, 8ii(u±2 A') = - anu, 
sn (« ± 3 A") = ^ en w/dn m, sn (m ± 4 A) = bo u, 

sn (u + K't) = 1 / A sn u, and, if m and n are integers, 
an (« + 2 mK + 2 nJCt) = (- l)" an m, 

743. cn(M±^=q:/:'snM/dn«, cn(u±2 K)= — cnu, 
cn(u±3JC)= ± ft'an w/dn«, cn(w ±4 Jr) = cntt, 

en (m + K't)= — idau/kan u, and, if m and h are integers, 
en (M + 2 mi + 2 nlCi) = (- 1)-+- en u. 

744. dn(M±fi^=A'/dnw, dn(«±2S^=dn«, 

dn (« + K^t) = — i en M / sn M, and, if m and n are integera, 
dn (« + 2 mi + 2 nK't) = (- 1)' dn «. 
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AtJXlLIABY FORMULAS. 



D. — Sebies and Pboductb. 

[The expression in brackets attached to an infinite series shows values 

of the v&riahle which lie within the interval of convergence. If a series 
is convergent for all finite values of x, the expression [x> < qd] is used. ] 



745. C« + 6)» = «- + ««»-'* 



"("-^).-v.. 



^(n-ky.kl 



. [&'<«'.] 



746. (a-bx)- 



. = l[i+^ + w + «+...].[jv<..o 



747. (l±i)- = l±>» + 



Ifclil.. 



■.(.-l)(.-2)»' l^lfntxf 

748. (l±x)— = lT"« + ^i^!^f^«' 

749.(l±«y-.l±i«-i^«,.=t|4^«. 



2.4- -^2.4-6'^ 
13. 5-7 , 
2.4.6.8^ ^" '*. 



751. (l±i)l = l±i«-|-^ai'± 
1-2.5 I 



[«■<!■] 



['■<1] 
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ADXILIAKY FORMULAS. 
, 1-4 , 1-4.7 



754. (i±.v, = i:,j^ + i;|^=,l^ ,. + .:, 

755. (l±a!)-'-l=F» + »?=Fai' + i'^a!'H . [«■<!.] 

756. (l±,)l„l±|«+|^^.=p|^^ 

, 3.11.3 , 3.1. 1-3 5 ^ . , .^ 

757. (l±.)-l = l=,i.+|^:^:^|:|^^ + .... [^<i.j 

758. (l±i)-" = lT2a! + 3:e'=F4ie' + 5r«'T6»'H 

759. «--l+« + || + |J + ..., [;>•<«.] 

762. i(^-.-)— H-f;+f;+f-;+---. [»^<».] 



' 3!^5!^7r 
2! 3!"*'4! 



'"'=i-''+|!-^+|j----- [«■<»■: 
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A series of numbers, B„ Bt, B» ■ • -, of odd and even 
orders, which appear in the developments of many functions, 
may be computed by means of the equations, 



_2nJ2n 



2n(2n-l)(2n-2)(2n-3) 



£.-.-■- (-1)' 



2*-(2"-l) 



^i— i=(2n-l)-B„_, 



Whence B, = f , B, = 1, B, = ^, B^ = 5, B^ = ^, B, = 61, 
B, = ^,Bi= 1386, Bt = bV, -Bio = 50521, Bu = ^i^, Si, = 
2702765, £„ = J, etc. The S's of odd orders are called 
Bernoulli's Numbers ; those of even orders, Euler's Numbers. 
What are here denoted by £a,_i and B,, are sometimes rep- 
resented by S„ and E^ respectively, 

(2»)! (2'--l)iJ-L 3'" 6"-^7"^ J 

3t = 2i!::jri_-L+i_i+...1- 

(2»)1 Ti'-'-'L 3""^6'" 7'-^ J 



giJ!* -Btf;' -B.J!' gft* 
2! 4! 6! "' 



[a!<2w.] 



76S. log»^ = (i-l)-J(«-l)" + i(»-l)" 

[2>i>0.] 
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AUXILIARY FORMULAS. 



[;,>0.] 

768. log(l + J^) = »-ii' + ii'-Ja;' + --. [a!'<l.] 

769. log(|i|) = 2[« + l«' + J>!'+)»!' + ---]. [«'<1.] 



2-4-5 24.t)-7 

Series for denary and other logarithms can be obtiained 
from the foregoing developments by aid of the equations, 
log,3! = log,a;-logae, log,x = log„3!-logja, 

log. (- «) = (2 « + 1) TTi + lOge*. 



[a:'<oo.] 
1 — veraina:. [»;'<<».] 



772. 


Sim 


"-^M^— • 


773. 


cos a; 


=i-i+ii-s+-='- 


774. 


tanx 


"^ 3 ^ 16 ^ 315 ^ 2836 




+ 


2"(2"-l)li,._,i-— 




■■+ (2.)! + 


775. 


ctni 


1 I ai« 28" »' 
I 3 45 946 4725 




- 


=:(2»)! 



[«"<iy.] 



(»!"<If*.] 
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777. c.o.-j + 3; + 3:^,+^ 

_. . , , «• ,13 »:• , 1-3-6 ^ 

778. „„-.« = :, + - + _. ,.- + ^-j-j.- 

+ • • ■ = iTT — 0OB-*a^ [x*<l.] 

779. tan-^a: = a!-ia:' + Jar' — |3!'H = iir — ctn"'*. 

[i-<l.] 

780.to-...f-i + j^-jii+.... [«■>!.] 

2 I 6«' 2.4.63!' 2.4.6.71' 
782. log»iiij: = logi-i:^-,J,«<-,A,«' 



[>:' <,!<.] 



78a l<ieooB:c = -ii!f-fyx'-fyif-,ihx 

2"^'(2"-l)gi.-i'!" 
»(2»)! 

784. logtaDa! = Iog3; + ia!' + /5a:* + jffjx' 



[x'<i^.] 






•» iu,. i .. j."^ 3i< 81' 3i' 
785. .- = l+« + 2j-^--^--57 



[a=-<«.] 



.„.™b,C-v,v,^lC 



AUXILIARY POaMDLAS. 



--='0-i^^-¥— > ^"<'-' 



2! 3! 4! 



2 6 24 



c« 


'<1 


] 


[- 


•<1 


] 


[- 


<« 


] 


C«' 


<« 


] 



' 31 ' 5! ' 71 ' 
oo>ix = l+'~+f, + f, + '^ + - 



792. tanh x » (2- - 1)2"_B, |^ - (2> - 1)2<£, j; + • • • 

= 2[(- l)-'2--(2'- - l)A.-ix"-V(2«)I]. 

793. ctnh a: == i (1 + S [(- 1)—' 2'" B,,_, x»"/(2 n) !])■ 

794. 8echa! = l + S[(-l)-S,.it'-/(2«)!]. [a!"<iT'.] 

795. 08ch3: = l + (2-l)2B,|j-(2"-l)2B,jjH 

= l(l + 2S[(-l)-(2"— -l)i!,._,«-/(2»)!]). 
[«-<,r'.] 

'2-4.5 ~2.4.6. 7"^' 



C-,W,„/eJbyCl>OJ^iC 



AUXILIARY FORMUIiAS. 



798. Ctnli-' a: = - + 



». C3Ch-' 



f+f+r+-- 


[,-<l.] 


3^ "•" 55 ■*■ ■ ■ ■• 


[«■>!,] 


1 , 1-3 


1.3 5 , 



!.3V^?-4.5-i' 2.4.6-7-I' 



801. 



r™W'^=»^-5-^!+irii-iTT!+--["^'<"-] 

/" a^—'iti _ 1 1_ _1 I^ 

Jo l + i- o <. + S"''<. + 24 K + SS'' ■ 



803. f(x + 4) = /(i) + 4 ./■ (1 + «S). 
SOS. /(i + *)=/W + *./'W + |/'W 



+ ■■■ + 7 



^.(l-«)— ./■(» + «4). 



(.-1)1 

806. /(i +h,y + k) =/(x, y) + hf,(x + », y + 6k) 
+ kf,{x + »h,y + ek). 

jnx.y).M 
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AUXILIARY FORMULAS. 95 

,. 8'/(».l/) 

=/("', V> + (»-». + <!i>,)/(«. ») + ll (SA + I'D,)'/ (I, ») 



J ! \ ox' ay • ox* ox - c\^ 



+ — (A2>, + kD;)^f(x + $h,y + $k). 

ana 1 i V ■ irx S trx 5 trx ~| 

808. 1 = - sm hi am 1- J am [-• • • • 

W\_ 9 C J 

[0<a;<c.] 

___ 2cr . wx . . 2irx ^ . . Zirx "I 

809. x = — sin * Bin \- * ain ■ ■ - ■ 

IT \_ e e c J 

i-oKxKC] 

sin " ^^r Tx , 1 37r3; , 1 Stto , ~] 

810. « = 2-^[oos- + 5-.cos^ + 5iCO. — +.J. 

[0<a!<<!.] 

+ i3-3'J"°-r-T"°-r 
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813. logsinia; = — log2 — coax — ^cos2a; — ^co8 3ir . 

[0<x<i7r.] 

814. logcos j^3! = — Iog2 + co8a! — ^coa23;+icos3a; 

[0<x<J,r.] 



+ a, sia hoisin 1 , [-c<a;<c.] 

1 r*" mwa 
wliei-e K = ~J /(a) COB da, 

1 r*' mwa 



,,, 2'.4'.6' ■■■(2m)'(2»H-2) TT 
'"■ l".3-.6" •••(2m + l)' ^2 

2'.4'.6' ■■■(2my(2n + l) 
^ l".3"-6'---(2m + l)' 

819- '''■W = i;^|'~2(2« + 2)"'"2.4(2a + 2)(2n + 4) 

il^ + ..."1. 

2.4.6(2» + 2){2» + 4)(2« + 6)^ J 
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AUXILIARY POEMULA3. 
E. — Deeivativbs. 

dx dx 

d(u + v) du dv ■ 
dx dx dx 

- d(uv) _ du dv 

dx dx dx 



<!)=: 



du dv 

dx dx 



^ d/(,)_df(u) du_ 
dx du dx 

dx^ du Ab* du' (ic* 



826. 
827. 



829. 


g = «'(l + Iog,«). 


830. 


d(\t>s.x) 1 
dx j;.log.<. 


831. 


d s\nx 

— T — = coa X. 



D,j.,.db,Googlc 



AUXILIABY FOBUITI.AS. 

oaa d tan X , 

833. ; = Bec*aj. 

dx 

... dctiix__ __. 



843. 

843. 



dx 
duos-'x 


dx 

(^tan-'a^ 


dx 
dctn-*x 


dx 


dx 



Vl-a:" 
1 

"1 + iC'' 

1 
1 



d sinh X 



844. " =sinliie, 
dx 
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848. ; = — csoli^ctnha!. 

g^g d8iiih-'3; _ 1 

dx VSTI 



^ X Va* + 1 



+- 



d'u 
'dx- 


+ : 


dv 
"dx 


d—^u 
dx—' 


21 


il 


d^v 
' d^' 


d'-'u 
dx—' 



dx" 



859. If f{x, y,z,-- ■) is a homogeneous function of the nth 
order, so that /(Aa:, \y, X«, ■ ■ ■) h X"/(ir, y, x, ■ • ■), 
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860. 


Iff 


-*<s), 








dx 


1 




. WW]'' 












3r*"(»)r-*'M* 


:©. 


86L 


Hi 


-/» 


and y 


-*('), 










dj 


/'(')■*"(')-/"(')•*'(<) 
[/'(')]■ 


862. 


It/ 


«,,). 


0, 














A/ 




£; 


4 


AV- 


^,.0* 


- 2 H.i)./. B,/ D,f+ D.'f- {Djy 


di 






i.D.f)' 




863. 


Uy 


=/(« 


.), « 


= .*(x), and ■.-*(«), 








8«\fe 


4{- 


| = «'.i)./+.'.A/ 








a;/' (',j«Y 8"/ d« d^ m 


(sy 








8/ A a/rf-. 

^ du d^'^ »,' d:^ 





-»'.B"./+2«'..'.I..I>./+i>''.J>.'/ 
+ «".D./+<.'M1./ 

864. It /(«, J,, ,)-<!, Dj,-^^ DJJDJ, 

-2i>ji>,fnj>,f+ i>;f(pjr\/(ji>j); 

+ A/- !>,/■ DJ>J+ DJ. D,f. B.'n /(PJf. 
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86S. It F=.*(«, »), «=/,(«,!,), and t>-/,(a:, y), 
D,F = />.^ . i>,M + D„0 - i),«, 

+ D^, (i>iW ■ i>,w + D^ ■ D,v) 
+ A * ■ i>^,w + -D., * ■ ■0,0^*', 
i)."F+X>,'r=i)."*.[(D.«)'+(D,«)'] 

+ A*- [i>A + -»>]. 

In the special case, w = r = V^M-y', « = fl = tan~^(y/a!), 
we have i>^ = oostf = a!/ Va;*-(-y'; i),3/ = sin tf = y/Va)'+y*; 
2)^ =! — rsintf= — y; I>tt/ = r cos # = a; ; 
i)^ = ai/ V^M-y* = COS tf; i>,)*=y/ Va!"+y" = amtf; 

■0;^= -»/('" + >•) = -»"»/'■; 

i>^=i/(a:» + j/*) = cosfl/p; and 



If F=«(«,.), !(=/,(r,«), and .-/,(r, 
(■P.")' 



2,..F.[(A.)- + ^'] 
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x>> + - 



l-iA>»] 



i .o.v 



D^r- D.'V- ip,ti)' + D,'V (K,i>)' + B.'f. (P.U.)" 

+ i>.rn;u + s.rDjv + n.rn.'u: 

+ 2 (D,D, F ■ D^M ■ B^v + D,D^V- D^u ■ i),w 
+ DJ>.VI),vI),w). 

D." F + i),' r + i)." F = x>.' r ■[(!>.«)'+ (i),«)'+ (A")'] 

+ A'F.[(i>,.)' + (i),.)' + (D.»)'] 
+ i).' F[(D.»)- + (i),»)' + (A^)'] 
+ 2 /J.Z'^ F- [i>^M ■ P^v + D,»/ - I>^v + />.« ■ A"] 
+ 2 /)„ A F ■ [ Av . Aw + A" ■ ■^»«' + A*- ■ A"-] 
+ 2 A^. V- in JO ■ A» + A" ■ -O." + A"" ■ A»] 
+ A.F- [A*" + A*" + A*"] 
+ A F- [A/u + A> + A*«'] 
+ A F ■ [ AV + A'"* + A'"']- 
In particular, if 

X = r sin tf COB ^, y = r sin ^ sin ^, « = »■ cos tf, 
BOtliat a = r' = x> + i/' + !^, J' = tfstan-'(Va:' + y'/«), 

«, = ^ ^ tan~' (j//a:), we have 

A,j» = C08tf = s/Va^ + y' + 3*; 
A^ = sin»C08^ = x/V3^ + j(» + a'; 
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AUXILIAEY FORMULAS. 

= Bin sin * = yl Vx' + jr" + s»; 
= - r sin tf = - V^HV J 
= r cos tf cos (^ = gxf Va* + y' ; 
= r costf ain^ = sy/V3:' + y*; 
= 0; 



1>^ 

i>^ = — r sin fl sin ^ = — y ; 

J^ = r sin tf cos ^ = « ; 

2>,r =s/r=scos 9; 

Z).^ = - Va:' + y/r" = - sin fl/r j 

A* = ; 

Z»^ = i*^/*" = sin # COS + ; 

B^ =aw/r»V?T/ = COStf COa*/r; 

■»,<^ = - VK^ + y) = - Sin ^/r sin fl J 

J}^ = y JT = sin 9 sin ^ ; 

D^ =«j//r* Va:' + y = COS flsin^/r; 

^/^ = xj(^ + /) = cos ^/r sin tf ; 

{Dj^r +(!>/)' + (A'-)'=li 

(i>,^» + (D,fl)» + ipfiy = 1 /»^ ; 

5^[D,(r' JJ.JOsinS + lg+ACinS.D.nJ- 
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' DJtD.f,- I>,A D.f, 



Dj" 



"J" 



869. H a; -/(», u), and j = * (2, «), 

D^ = DJ/(D,4,-DJ--IIJ-D.4,). 

870. H 7,(1, y, 2, «,f) = 0, 

Ft(x, y, s, M, w) = 0, and Ft{x, y, «, u, v) = 0, 



C^ 



D..F1 A^l .Dr^l 
Dr^, A.?» A.P* 

Dj; I>,F, J>,F, 



D^, A^i A^i 

i>^^; i>.i*i i>^, 

i?^, J>^Ft A^. 



871. If .f, (», y, s) = 0, and i?, (I, y, «) = 0, 



i)^, . D^, - Dj; ■ D^t Dj; DyF,- D,F, ■ D^, 



D^Fy ■ D^t - Jy^Ff D,Fi 



If each of the quantities ^i, yt< 3/«i ' ' ' y. is a function of 
the n variables i,, i„ Xj, ■ ■ ■ a;„ the determinant, 

^1 .0^1 ^^.yi ■ ■ ■ 

A,?. I>^< l>^t ■ ■ ■ 



DnV. D^. ^^. ■ ■ ■ J>^y. 
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is called the functional determinant or the Jacobian of the 
y's with respect to the x's and is denoted b; the expression. 



g(yi, yi. Vt, 



. or by J Ou ;/„ ■ 



:, t/i, y» • ■ • Vn) . d(Xi, Xi, X„ 






^ g(yi. y.. y.1 



g(ari, iCa, a;j; 



A. 



-.) 



If the y's are not all independent but are connected by an 
equation of the form ^{yi, y^, ys, • ' ■ y„) = 0, the Jacobian 
of the y's with respect to the x's vanishes identically ; and, 
conversely, if the Jacobian vanishes identically, the y's are 
connected by one or more relations of the above-mentioned 
form. 



The directional deriuative of any scalar point function, m, 
at any point, P, in any fixed direction PQ', is the limit, as 
PQ approaches zero, of the ratio of Wg — Up to PQ, where 
^ is a point on the straight line PQ' between P and Q'. The 
gradient, h^, of the function u at P is the directional deriva- 
tive of M at P taken in the direction in which u increases 
most rapidly. This direction is normal to the surface of 
constant it which passes through P. 

874. h^={D,uy+{D,uy-\-{D,uf. 

The directional derivative of any scalar point function at 
any point in any given direction is evidently equal to the 
product of the gradient and the cosine of the angle between 
the given direction and that in which the function im 
most rapidly. 
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The normal derivative, at any point, P, of a point ftmction 
«, taken with respect to another point function v, is the limit 
as PQ approaches zero of the ratio of Ug — up to Vg — Vp, 
where § is a point bo chosen on the normal at P of the 
surface of constant v which passes through P, that Vq — Vp 
is positive. If (u, v) denotes the angle between the directions 
in which « and v increase most rapidly, the normal derivatives 
of u with respect to v, and of v with respect to m may be 
written 

A, cos (m, v) ■+■ h„ and A„ ■ cos («, v) ■+■ A. 

respectively. If A, = A^ these derivatives are equal. 

F. — Miscellaneous Formulas. 
If a is a plane analytic closed curve, n its normal drawn 
from within outwards, and dA the element of plane area 
within s, the usual integral transformation formulas for the 
functions « and v which, with their derivatives of the first 
order, are continuous everywhere within s, may be written — 

875. C u ■ cos (x, n)ds= Cfzi^u-dA. 

876. C[u . cos {X, n) + v- cos (y, n}}ds=C f{I>^u + X>,v) dA. 

877. Jd„u ■ ds = ff(I>Ju + i>/«) dA. 

878. CC(I>^u-D^v + D^uD^v)dA 

= Cv ■ D,u . ds ~ffv (DJu + D„%) dA. 

879. r Ck (D^u ■ D^v + D^u ■ D^v) dA= C\ul>,vds 

~ f f^ [I>^ (A. - I>^v) + I>y(k- I>^v)} dA. 
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If $ and y) are two analytic functions -whicli define a set of 
orthogonal curvilinear coordinates, and if (f, ») and (ij, «) 
represent the angles between n and the directions in which 
$ and Tf, respectively, increase most rapidly. 

6S0. yf hi- h^-Dj^jdA= j'ueo8(^,n)ds. 
SSI. ff hfh^- DJ^jdA= fti-cos(i, n)ds. 

882. If r is the distance from a fixed point, Q, in the coordi- 
nate plane, 

j ^ — ^ — = 0, TT, or 2 TT, according as § is without, 

00, or within s. 



If S 13 an analytic closed surface, n its normal drawn from 
within outwards, and dr the element of volume shut in by S, 
the usual integral transformation formulas may be written — 

883. C C u cos (X, n) dS= CCCb^u -dr. 

8M. JTE" cos («. n) + v cos (y, n) + w cos («, n)] dS 
^fff^^"'' + D,v + D,w)dT. 

885. CCD^u-ds =CCC{DJ'u + P/u + i>»rfT. 

886. r r r (D^u . D^v + D^u . D^v + D,u ■ D,v) dr 

= C Cu-D,v-dS- CC Cu (DJu + D,'v + B/v) dr 
= fCvD,udS- CCCv (I)Ju + D,ht + D.^u) dr. 



108 AUXIUABY FOBMITLAS. 

- C C C viD^{\D^u) + D,{kD^u) + D,{XD,u)'}dT. 

If £i 71 { ^^^ three analytic functions which define a system 
of orthogonal curvilinear co5rdinates, 

««■///".■''.■»! •o.(j;;^)*=//« «»«.•)■*« 

«»• ///*' ■*'■'< -°' (*r*;) ■*' =//" ■ °™ <" "> ■'* 

891. If )• is the distance from a fixed point, Q, 

/cos (r ■ ri) 
^ — ^ rf5 = 0, 2 w, or 4 IT according as Q is without, 

on, or within S. 

Stokes's Theorem. — The line integral, taken around a 
closed curve, of the tangential component of a vector point 
function, is equal to the surface integral, taken over a surface 
bounded by the curve, of the normal component of the curl of 
the vector, the direction of integration around the curve form- 
ing a right-handed screw rotation about the normals. 

If X, Y, Z are the components of the vector, 

892. C{Xdx + Ydij + Z(U) - C^{{D^Z - D, Y) cos (x, n) 

+ (A^-i>,Z)cos(y, «) 

+ (p,Y-D,X)>sos{z,n)-\dS. 

C-,y,„zeJ by Google 
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Equations 893 to 897 give Poisson's Equation in ortliogonal 
Cartesian, in cylindrical, in spherical, and in orthogonal curvi- 
linear coordinates. 

893. v'rsnjr+D,'r+D,'v=-iTTp. 

894. yl>,(r-l>,r) + i^-I>,'F+D,'r=-i-rf. 



+ D, (sin « . Z>, r) = - 4 ,,r' sin ». 
896. hf.I)i'T-i-h,'-D,'r+hf-D{r 



397. 



Or. — Gebtain Constants. 

TT = 3.14159 26535 89793 

log„ TT = 0.49714 98726 94134 

- = 0.31830 98861 83791 

TT 

■jt' != 9.86960 44010 89359 

V^= 1.77245 38509 05516 

logu, 2 = 0.30102 99966 63981 

e = 2.71828 18284 59045 

log,(,e = 0.43429 44819 03262 

log, 10 = 2.30258 50929 94046 

log,2 = 0.69314 71805 59945 ' 

log,ologj„e = 9.63778 43113 00637 

log.7r = 1.14472 98858 49400 
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INTERPOLATION. 

If Talnea of an analytic function, /(z), are given In a table for a nombei 
of values of the argument z, separated from one aoothei conBccutivelj by 
the constant small interval, S, the di&Mencea between Buccessive tabular 
values of the function are called first tabular differences, the diSerencea of 
these first differeuceB, second talmlar differences, and so on. The tabular 
dlDerences of the Qist, second, third, and fourth oidera corresponding U> 



Ais/(a + S)-/(a), 
As s/(rt + 2t)-2 ■/(« + 8} +/(o), 
4, =/(o + 3 8) - 3 ■/(« + 2 8} + 3 -/(a + ») - /(a), 
A, =f{a + 4 a) - 4 -/(a + 3 8) + 6 ./<a + 2 8) - 4 -/(o + a) +/{o), 
vrheTe/(a) is any tabulated value. 

The value of the function for x = (a + h), where A = ikS, is 



/{o + fi)=/(a) + *.Ai + - 



2! 



t(t-l>(fe-2)(fc- 



N. 





. 


2 


3 


4 


5 


O 


7 


8 


9 


0.0 




5.39.1 


6.088 


6,493 


6.781 


7.004 


7.187 


7.341 


7.474 


7.592 


0.1 


7.697 


7.793 


7.880 


7,960 


8.034 


8.103 


8:167 


8.228 


8.285 


8.339 


0.2 


a391 


8.439 


8.486 


8.530 


8.573 


8.614 


8,653 


8.691 


8,727 


8.762 


0..1 


a796 


8-829 


8.S61 


8.891 


8.921 


8.9i0 


8.978 


9.006 


9,032 


9,058 


0.4 


9.0S4 


9.108 


9.132 


9.1.56 


9.179 


9.201 


9,223 


9.245 


9.266 


9.287 


0..') 


9.307 


9-327 


9.346 


9J6S 


9.384 


9.402 


9.420 


9.438 


9.455 


9.472 


0.6 


9.4«9 


9.,'i06 


9.,S22 


9.538 


9,.554 


9.569 


9,584 


9.600 


9.614 


9.629 


0.7 


9.643 


9,658 


9.671 


9.685 


9.699 


9.712 


9,726 


9.739 


9.75Z 


9.764 


0.8 


9.777 


9.789 


9.R02 


9.814 


9.826 


9.837 


9.849 


9.861 


9.872 


9.883 


0.9 


9.89S 


9.906 


9.917 


9.927 


9.93S 


9.949 


9.959 


9.970 


9.980 


9.990 



log, X = logiflX ■ log, 10 = (2.30268) logiox. 
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The Natural Logarithmi of Numbers between 1.0 and 9.9. 



0.000 
0.693 
1.099 
1.386 
1.609 
1.792 
1.946 
2.079 
2,197 



0.336 

0S7S 

1.224 

1.4S2 

1.686 

1:856 

i 2.001 

i 2.128 

I 2.241 



0.642 

1.06S 
1.361 
1.589 
1.77S 
1.932 
2.067 
2.186 



The Natural Logarithmt of Whole Numbers from 10 to 109. 



N. 





1 


2 


3 


4 


a 


O 


7 


8 


» 




2,303 


2.39R 


7,485 


7.56.^ 


2,(139 


2.708 


2 773 


?. m 


?.Fm 


2.944 




?„9«. 


3 04"; 


3.091 


3.131 


.3.178 


3.219 3.258 


3?96 


3.332 


3.367 




3 401 


,1414 


34fifi 


3 497 


3';2fi 


3.555 ■ 3.584 


3,611 


3.638 


3.664 




3.689 


3.714 


3.738 


3.761 


3.784 


3507 


3.829 


3.850 


3.871 






3.912 


3.932 


3.951 


3.970 


3.989 


4.007 


4.025 


4.043 








4.t)94 


4.111 


4.127 


4.143 


4.159 


4.174 


4.190 


4.20S 


4 2m 


4 234 




4.24H 


4.2ftl 


4,277 


A2W 


4..1IW 


4.317 


4„131 


4,344 


4,W 


4.369 




4 3H?. 


4.394 


4.407 


4,419 


4,431 


4,443 


4,414 


4.466 


4.477 


4.489 




4S00 


4SI1 


^m 


4 ';33 


4.S43 


4.554 


4,564 


4.57S 


4.S8S 




10 


4.60S 


4.615 


4.62S 


4.63S 


4.644 


4.6S1 


4.663 


4,673 


4.682 


4.691 



The Values In Clroular Measure of Angles which a 
Degrees and Minutes. 



V 


0.0003 


9' 


0.0026 


,o 


O05Z+ 


?,0° 


0.3491 


100° 






0.0006 


10' 


0.0029 




O06y8 




0.5236 


110° 




3' 


O.00O9 


m' 


0.0058 


5" 


0.0873 


4(r 


0.6981 


120° 


2.0944 


4' 


0,0012 


3(1' 


0,0087 


6^^ 


01047 


SO" 


0.8727 


l.'iO" 


2.2689 


5' 


0.0015 


40* 


0.0116 


Vu 


0.1222 


60" 


1.0472 


140° 


2.443S 


6' 


0.0017 


SO' 


0.0145 




0.1396 


70° 


1.2217 


150^ 


2.6130 




0.0020 


r 


0,0175 




0.1571 










8' 


00023 


2" 


0.0349 


10^ 


0.1745 


90" 


1.5708 


170" 


2.9671 
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Equivalents of Radians In D«gra«s, Minutes, and Seconds of Aro. 


Radians. 


EqiiiTaleiits. 


Radians. 


Equivalents. 


0.0001 


0° 0'20".6 


0.6000 


34=2r38".9 


0.0002 


0= 0-41".3 


0.7000 


40° 6'25-',4 


O.O0O3 


0° 1'01".9 


0.8000 


45°S0'11".8 


0.0004 


0= 1'22".5 


0,9000 


51° 33' S8",3 


0.000S 


0" l'43".l 


1.0000 


S7''17'44",8 


0,0006 


0° 2'03".8 


2,0000 


114°35'29".6 


0.0007 


0= 2'24".4 


3.0000 


171' 53' 14".4 


0.0008 


0° 2'45",0 


4.0000 


229° 10" 59",2 


0.0009 


0° 3'05".6 


5.0000 


286''28'44",0 


0.0010 


0° 3'26".3 


6.0000 


343°46'28",S 


0.0020 


0° 6'S2".5 


7.0000 


401" 4'13".6 


0.0030 


0= 10- 18",8 


8.0000 


458=2I'58".4 


0.0040 


0°13'45".l 


9.0000 


515='39'43".3 


0.0050 


0°17'11",3 


10,0000 


S72»57'2S".l ■ 


0.0060 


O"Z0'37",6 


20,0000 


1145=54'56".1 


0.0070 


0°24'03",9 


30,0000 


1718'=52'24".2 


0.0080 


O°2r30",l 


40.0000 


2291''49'S2".2 


0.0090 


ff'30'56",4 


so.oooo 


2864''47'20".3 


0.0100 


0=34'22".6 


60.0000 


3437=44. 48".4 


0.0200 


r 8'45".3 


70.0000 


4010°42'16".4 


0.0300 


P43'07".9 


80.0000 


4SS3'39'44".S 


CCHOO 


2''17'30",6 


90.0000 


S1S6=37'12".6 


O.OSOO 


Z''5r53".2 


100.0000 


S729°34'40'-6 


0,0600 


3<'26'15".9 


lic= 6,28,^9 


360° 


0,0700 


4° 0-38",5 


4 nr = 12,56637 


720° 


00800 


4''3S'01".2 


6 ir = 18,84956 


1080° 


0.0900 


5° 9'23".8 


8(1 = 25.13274 


1440° 


0.1000 


5M3-46".5 


10 JT = 31.41593 


1800° 


0.2000 


ir27'33".0 


12 ff = 37.69911 


2160° 


0.3000 


17°iri9".4 


14 JT = 43.98230 


2520° 


0.4000 


■22°55'05".9 


16 7t = .S0.26.i48 


2880° 


0.5000 


28»38-52".4 


18 « = 56,54867 


3240° 
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The Square Roots of Certain Numbers 


between 0.0 and 11. 






.« 


.1 


.2 


.3 


A 


.5 


9 


.7 j .8 


.» 





0.000 


0.316 


0.447 


0..S48 


0.632 


0,707 


0.775 


0.837 


0.894 


0.949 


1 


1.000 


1.049 


1,095 


1.140 


1.183 


1.225 


1.265 


1.304 


1.342 


1.378 


2 


1.414 


1.449 


1.483 


1.517 


1.549 


1,581 


1.612 


1.643 


1,W3 


1.703 


a 


1.732 


1.761 


1.789 


1.817 


1.844 


1.871 


1.897 


1.924 


1.949 


1.975 


4 


?..(m 


?,.o?=; 


:^.049 


2.074 


2.09S 


2.121 


2.I4,S 


2.168 


2.191 


2.Z14 


6 


7..7.?.f> 


2.258 


2.280 


2.302 


2.324 


2.,345 


2..366 


2.387 


2.408 


2.4Z9 


e 


2.449 


2.470 


2.490 


2.510 


2.530 


2.550 


2.569 


2..588 


2.608 


2.627 


7 


2.646 


2.665 


2.683 


2.702 


2.720 


2.7.39 


2.757 


i.in 


2.793 


2.811 


8 


2.828 


2.846 


2,864 


2.881 


2.898 


2.915 


2.933 


2.950 


2.966 


2.983 


fl 


i.ono 


.3,017 


3,033 


3,050 


3,066 


.1.082 


7.!m 


3.114 


3.130 


3.146 


10 


3.162 


3.178 


3.194 


3.209 


3.225 


3.240 


3.256 


3.271 


3.286 


3.302 



The Souare Roots of Whole Numbers between 10 and 100. 





0.0 


1.0 


3.0 


ao 


4.0 


5.0 


6.0 


7.0 


8.0 


9.0 


1 


3.162 


,3317 


3.464 


7.fm 


3.742 


3.873 


4.000 


4.123 


4243 


4.359 


2 


4.472 


4.5S3 


4.690 


4.796 


4.899 


5.000 


5.099 


5.196 


S.292 


5.385 


3 


';.477 


5.568 


5.657 


,5.74,5 


5.831 


5.916 


6.000 


6.083 


6.164 


6.24S 


4 


6J25 


6.403 


6.481 


6.557 


6-6,33 


6.70S 


6.782 


6.856 


6.928 


7.000 


5 


7.071 


7.141 


7.211 


7.280 


7.348 


7.416 


7.433 


7.550 


7.616 


7.681 


6 


7.746 


7-810 


7.874 


7.937 


8.000 


8.062 


8.124 


8.185 


8.246 


8.307 


7 


8,367 


8.426 


8.485 


8.544 


8.602 


8.660 


8.718 


8.775 


8Ji32 


8.888 


fi 


S.Q44 


9.0OO 


9.055 


9.110 


9.165 


9.220 


9.274 


9J27 


9.381 


9.434 


9 


9.487 


9.S39 


9.S92 


9,644 


9.695 


9.747 


9.798 


9.849 


9.900 


9.950 
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The Common Logarithms of e* and e 



' 


logioe« 


log„<r- 


0.00001 


0.0000043429 


1.9999956571 


0.00002 


0-0000086859 


.9999913141 


0.00003 


0.0000130288 


".9999869712 


0.0000+ 


0.0000173718 


.9999826282 


O.O00OS 


0.0000217147 


.9999782853 


0.00006 


0.0000260577 


".9999739423 


0.00007 


0,0000304006 


',9999695994 


0.00008 


0.0000347436 


.9999652564 


0.00009 


0.0000390865 


.9999609135 


0.00010 


0,0000434294 


".9999565706 


0.00020 


0.0000868589 


1.9999131411 


0.00030 


0.0001302883 


,9998697117 


0,00040 


0.0001737178 


,9998262822 


0,00050 


0.0002171472 


,9997828528 


0,00060 


0.0002605767 


,9997394233 


0.00070 


0.0003040061 


1,9996959939 


0.00080 


0.0003474356 


1.9996525644 


0.00090 


0.0003908650 


,9996091350 


0.00100 


0,0004342945 


,9995657055 


0.00200 


0,0008685890 


,9991314110 


0.00300 


0,0013028834 


^.9986971166 


0.00400 


0.0017371779 


,9982628221 


0.00500 


0.0021714724 


.9978285276 


0.00600 


0,0026057669 


1,9973942331 


O.0O7OO 


0,0030400614 


1,9969599386 


O.0OB0O 


0,0034743559 


1,9965256441 


0.00900 


0,0039086503 


1,9960913497 


0.01000 


0.0(M3429448 


1,9956570552 


0.02000 


0.0086858896 


1.9913141104 


0.03000 


0,0130288345 


1,9869711655 


0.04000 


0,0173717793 


1.9826282207 


0.05000 


0.0217147241 


1.9782852759 


0.06000 


0.0260576689 


1.9739423311 


0.07000 


0-0304006137 


1.9695993863 ■ 
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- 


logioe^ 


log.oir- 


0.08000 


0.0347435586 


1,9652564414 


0.09000 


0.0390865034 


1,9609134966 


0.10000' 


0.04342»(482 


1.9565705518 


0.20000 


0.0868588964 


1,9131411036 


0.30000 


0.1302883446 


1,8697116554 


0.40000 


0.1737177928 


1,8262822072 


• 0.SOO0O 


0.2171172410 


1,7828527590 


0.60000 


0.2605766891 


1,7394233109 


O.70000 


0.3040061373 


1,6959938627 


0.80000 


0.3474355855 


1,6525644145 


0.90000 


0.3908650337 


1,6091349663 


1.00000 


0.43429+4819 


1.5657055181 


2.00000 


0.86S5889638 


r.13141 10362 


3.00000 


1.3028834457 


2,6971165543 


4.00000 


1.7371779276 


2.2628220724 


5.00000 


2.1714724095 


3.8285275905 


6.00000 


2.6057668914 


3.3942331086 


7.00000 


3.0400613733 


4.9599386267 


8.00000 


3.474355SS52 


4.5256441448 


9,00000 


3.9086503371 


4.0913496629 


10.00000 


4.3429448190 


5.6570551810 


20.00000 


8,6858896381 


9.3141103619 


30.00000 


13.0288344571 


14.9711655429 


40.00000 


17.3717792761 


18.6282207239 


50.00000 


21.7147240952 


22.2852759048 


60.00000 


26.0576689142 


27.9423310858 


70,00000 


30.4006137332 


31.5993862668 


80.00000 


34,7435585523 


35.2564414477 


90.00000 


39,0865033713 


40.9134966287 


100.00000 


43,4294481903 


44.5705518097 


200.00000 


86.8588963807 


87.1411036193 


300.00000 


130,2883445710 


131.7116554290 


400,00000 


173.7177927613 


174.2822072387 


500.00000 


217,1472409516 


218.8527590484 



= log e" + log e*. Thus, log e'""' 
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The Values of e-' for Certain Values of x 



X 


logioe-' 


- 


- 


logioe-' 


- 


' 


logi«r- 


- 


l/IO 


9.956571 


0,90484 


9/S 


9.218270 


0.16530 


25 /4 


7.285659 


0,00193 


1/8 


9.945713 


0.88250 


2 


9.131411 


0.13533 


32/5 


7,220515 


0.00167 


1/6 


9.927618 


0.84648 


9/4 


9.022S37 


0.105+0 




6,959939 


0.00091 


1/5 


9.913141 


0,81873 


5/2 


8.914264 


0.08209 


36/5 


6.8730S0 


0.0007S 


1/4 


9,891426 


0,77880 


8/3 


8.841881 


0,06948 


8 


6.S2S644 


0.00034 


1/3 


9.85S23S 


0.71653 


3 


8.697117 


0.04979 


81/10 


6.4S2215 


0.00030 


2/5 


9.S262S2 


0,67032 


25/8 


8.6+2830 


0.04394 


49/6 


6.453252 


0.0002S 


1/2 


9.7S2853 


0.60553 


16/5 


8.610258 


0,0+076 


25/3 


6.380&79 


0,00024 


2/3 


9.710+70 


051342 


18/5 


8.436540 


0.02732 


9 


6.0913,S0 


000012 


4/5 


9.6S2S6t 


0.44933 


4 


8.262822 


0,01832 


49/5 


5 743914 


0.00006 


9/10 


9,609135 


0.40637 


25/6 


8.190+39 


OOISSO 


10 


S.65705S 


0.00004 


1 


9.5657C6 


0.367SS 


9/2 


8.045675 


0,01111 


32/3 


5,367526 


0.00002 


9/8 


9.511419 


0.32+65 


49/10 


7,871957 


0,00745 


11 


5.222761 


0,00002 


4/3 


9.420941 


026360 


5 


7.828528 


0.00674 


12 


4.788467 


000001 


3/2 


9.348558 


0.22313 


6 


7394233 


0,00248 


13 


4,354173 


0,C-0000 


8/S 


9305129 


020190 


49/8 


7,339946 


0,00218 


14 


3-919S77 


0.00000 



These quantities with the numbers in the preceding table are usetul ii 
puCiiig the values of series oi the form 
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sln-'fc 


A- 


E 


ain-ifc 


K 


E 


Bin-iA 


K 


E 


0° 


1.S708 


l..'i70S 


30° 


1.6S58 


1.4675 


60^ 


2.1565 


1,2111 


P 


1.5709 


1.5707 


31" 


1.6941 


1.4608 


1 61° 


2.1842 


1,2015 




1.5713 


1.5703 


32° 


1.7028 


1.4539 


1 62" 


2,2132 


1.1920 


3° 


1.5719 


1,5697 


33° 


1.7119 


1.4469 


63° 


2,2435 


1,18Z6 




U727 


1.5689 


34" 


1,7214 


1.4397 


64° 


2.2754 


1.1732 


5' 


1.3738 


1.5678 


3,S" 


1,7312 


1.4323 


65" 


2,3088 


1,1633 


6= 


1.5751 


1.566S 


36" 


1,7415 


1.4 248 


66° 


2,3439 


1,1545 


1" 


1.5767 


1.5649 


37" 


1,7522 


1.4171 




2.3809 


1,1453 


W 


1.5783 


1.S63Z 


3S° 


1,7633 


1.4092 


6S" 


Z.+198 


1.1362 


90 


1.5S0S 


1.5611 


39° 


1,7748 


1.4013 


69° 


2.4610 


1.1272 


10= 


1.5S28 


1 5589 


40° 


1.7868 


1.3931 


70" 


2.5046 1.11S4 


11° 


1.585+ 


l.SS6t 


41° 


1.7992 


1.3849 


71" 


Z.5507 ; 1.1096 


12° 


i.58d2 


1.5S37 


42° 


1.8122 


1,3765 


72° 


2.5993 i.lOIl 


13" 


1.5913 


1,5507 


43° 


1,3256 


1.3630 


73" 


2.6521 1.09Z7 


14" 


1.5946 


1.5476 


44" 


1,8396 


1.3594 


,74" 


2.70S1 1,0344 


15" 


1.59S1 


1,5442 


4.>° 


1,3541 


1.3506 


75° 


2.7681 1.0764 


16" 


1.60Z0 


1.S40S 


46" 


l,S691 


1.3418 


76° 


2,3327 1,06S6 


17" 


1.6061 


1J367 


47° 


1,8843 


1.3329 


77° 


2,9026 1.0611 


IS" 


1^6105 


1.5326 


43° 


1,9011 


1.3238 


78° 


2,9786 1,0,=:3S 


19° 


1.6151 


1.5283 


49" 


1,9180 


1.3147 


79° 


3 0617 1,0168 


ZO" 


1,6203 


1.5233 


50° 


1,9356 


1.3055 


80" 


3-1534 1 1,0401 


21" 


1.62W 


1.5191 


51" 


1,9539 


1.2963 


81" 


3,2553 


1.0338 


22" 


1,6307 


1.5141 


52° 


1,9729 


1.2870 


8?^ 


3,3699 


1.0278 


23° 


1.6365 


1,5090 


53" 


1,9927 


1.2776 


83° 


3,5004 


1,0223 


24° 


1.6426 


1.5037 


54° 


2,0133 


12631 


' 84° 


3,6519 


1.0172 


25" 


1.6490 


1.4981 


55° 


2.0347 


1.2587 


1 85" 


3.8317 


1,0127 


26° 


1.6557 


1.4924 


56° 


2,0571 


1.2+92 


86° 


4.0528 


1.0086 


27° 


1.6627 


1.4S64 


57° 


2,0S0+ 


1.2397 


87" 


4.3387 


1.0053 


2S° 


1.6701 


1.4803 


SS" 


2.1047 


1.2301 




4.7427 


1.00Z6 


29° 


1,6?77 


1.4740 


59° 


2 1300 


1.2206 


89" 


5.4349 


1.0008 
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Valuei of F{k, •(•) for Cartain Values of it and #. 



* 


a = ma-^k. 






















0° 


10° 


15° 


30° 


45° 


60° 


75° 


80° 


90° 


1" 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0?0174 


2" 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


3" 


0.0524 


0.0524 


0.0524 


0.0524 


0.0524 


0.0524 


0.0524 


0-0524 


0.0524 


4° 


0.0698 


0.0698 


0.0698 


0,0698 


0.0698 


0,0699 


00699 


0.0699 


0.0699 


S° 


0.0873 


0.0873 


0.0873 


0.0873 


0,0873 


0.0874 


0.0874 


0.0874 


0.0874 


10° 


0.1745 


0.1746 


0.1746 


0.1748 


0.1750 


0.1752 


0.1754 


0.1754 


0.1754 


15" 


0.261S 


0.2619 


O2620 


0.2625 


0.2633 


0.2641 


0.2646 


0.2647 


0.2648 


20° 


0.3491 


0.3493 


0.3495 


0.3S08 


0.3526 


0.3545 


0.3559 


0.3562 


0.3564 


25° 


0.4363 


0.4367 


0.4372 


0.4397 


0.4433 


0.4470 


0.4498 


0.4504 


0.4509 


3(y 


0.5236 


0.5243 


0.5251 


0.5294 


05356 


0.5422 


0.5474 


0.5484 


0.5493 


35° 


0.6109 


0.6119 


0.6132 


0.6200 


0.6300 


0.6408 


0.6495 


0.6513 


0.6528 


40° 


0.6981 


0.6997 


0.7016 


0.7116 


0.7267 


0.7436 


0.7574 


0.7604 


0.7629 


45° 


0.785* 


0.7876 


0.7902 


0.8044 


0,8260 


0.8512 


0.8727 


0.8774 


0.8814 


50° 


0.8727 


0.8756 


0.8792 


0.8982 


0,9283 


0.9646 


0.9971 


1.0044 


1.0107 


55° 


0.959e 


0.9637 


0.9683 


0.9933 


1.0337 


1.0848 


1.1331 


1,1444 


1.1542 


60° 


1.0472 


1.0519 


1.0577 


1.0896 


1.1424 


1.2125 


1.2837 


1.3014 


1.3170 


65° 


1.1345 


1.1402 


1.1474 


1.1869 


1.2545 


1J4S9 


1.4532 


1.4810 


1.5064 


70° 


1.2217 


1.2286 


1.2373 


1.2853 


1.3697 


1.4944 


1.6468 


1.6918 


1.7354 


75° 


1.3090 


1.3171 


1.3273 


U846 


1.4379 


1.6492 


1.8714 


1.9468 


2.0276 


SO* 


I.3%3 


1.4056 


1.4175 


1.4846 


1.6085 


1.8125 


2.1339 


■2.2653 


2.436Z 


85° 


1.4S35 


1.4942 


1.5078 


1.5850 


1.7308 


1.9826 


2.4366 


2.6694 


3.1313 


86° 


1.5010 


1.5120 


1.5259 


1.6052 


1.7554 


2.0172 


2.5013 


2.7612 


3.3547 


87° 


1.5184 


1,5297 


1.5439 


l.62,';3 


1.7801 


2.0519 


2.5670 


2.8561 


3.64 2S 


88° 


1.5359 


1.5474 


1.5620 


1.64S4 


1.8047 


2.0867 


2.6336 


2.9537 


4.0481 


89° 


1.5533 


1.5651 


l.SSOl 


1.6656 


1.8294 


2.1216 


2.7007 


3-0530 


4.7414 


90° 


1.5708 


1.5828 


1..5981 


1.6858 


1.8541 


2.1565 


2.7681 


3.1534 


Inf. 
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Value* of E ik, ^) for Certain Valua$ of i; and ^. 



« 


a^^-^k. 






















C 


10° 


15' 


30" 


45 


60° 


75" 


80" 


90" 


1° 


0.0174 


00174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


Q0174 


0.0174 


2° 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0,0349 


0.0349 


0.0349 


0.0349 


3= 


0,0524 


O0524 


00524 


0.0524 


0.0524 


O0523 


0.0523 


0.0523 


0.0523 


4» 


0,0693 


00698 


0,0698 


0.0698 


0.0698 


00698 


O0698 


0.0698 


0.0698 


5= 


0,0873 


0.0873 


0.0873 


0,0872 


0.0872 


00872 


0.0872 


0,0872 


0,0372 


10° 


0.1745 


0.1745 


0.1745 


0.1743 


0,1741 


0.1739 


0.1737 


0.1737 


0.1736 


IS' 


0.2618 


0.2617 


02616 


0.2611 


0.2603 


0.2596 


02590 


02589 


0.258S 


20= 


0J491 


0.3489 


0.3486 


0.3473 


0.3456 


03438 


03425 


03422 


0.3420 


25" 


0.4363 


0.4359 


0.4354 


0-4330 


0.4296 


0.4261 


0.4236 


0.4230 


0.4226 


30" 


0.5236 


0.5229 


0.5221 


0.5179 


0.5120 


0.5061 


0.5016 


05007 


0.5000 


35= 


0.6109 


0.6098 


06085 


0.6019 


0.5928 


05833 


05762 


0.5748 


0.5736 


W 


0.6981 


0,6966 


0.6947 


0.6851 


0,6715 


0.6575 


0.6468 


0.6446 


0,6428 


45= 


0.7854 


0.7832 


0.7806 


0.7672 


0.7482 


0.7282 


0.7129 


0,7097 


0,7071 


50» 


0.8727 


0.8698 


0.8663 


0.8483 


0.8226 


0.7954 


0,7741 


0.7697 


0,7660 


55" 


0,9599 


0.9562 


0.9517 


0,9284 


0.8949 


0,8588 


0.8302 


0.8242 


0.8192 


60= 


1.0472 


1.0426 


1.0368 


1.0076 


0.9650 


0.9184 


0.8808 


0.8728 


0.866O 


65" 


1.1345 


1.1288 


1.1218 


1.0858 


1.0329 


0.9743 


0.9258 


0.9152 


0.9063 


70" 


1.2217 


1.2149 


1.2065 


1.1632 


1.0990 


1.0266 


0.9652 


0.9514 


0.9397 


75" 


1.3090 


1.3010 


1.2911 


1.2399 


1.1635 


1.0759 


0.9992 


0.9814 


0.9659 


80" 


1.3963 


1.3870 


1.3755 


1.3161 


1.2266 


1.1225 


1.0232 


1.0054 


0.9848 


85' 


1.4835 


1.4729 


1.4598 


1.3919 


1.2889 


1.1673 


1.0534 


1.0244 


0.9962 


86" 


1.5010 


1.4901 


1.4767 


1.4070 


1.3012 


1.1761 


1.0581 


1.0277 


0.9976 


87" 


1.5184 


1.5073 


1.4936 


1.4221 


1.3136 


1.1848 


1.0628 


1.0309 


0.9986 


88' 


1,5359 


1.5245 


1.5104 


1.4372 


1.3260 


1,1936 


1.0674 


1.0340 


0.9994 


89° 


1.5S33 


1.5417 


1.5273 


1.4524 


1.3383 


1.2023 


1.0719 


1.0371 


0.9998 


90" 


1.S708 


1.5589 


1.5442 


1.4675 


1.3506 


1,2111 


1.0764 


1.0401 


1.0000* 
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TABLES. 

Hyperbolic Function!. 



. . 


C 


^- 


Blnhx 


cosh* 


gdx 


0.00 


1.0000 


1.0000 


0.0000 


1.0000 


o!oooo 


.01 


1.0100 


0.9900 


.0100 


1.0000 


0.5729 


.02 


1.0202 


.9802 ■ 


,0200 


1.0002 


1.1458 


.03 


1.0305 


,9704 


,0300 


1.0004 


1.7136 


M 


1.CM08 


.9608 


,0400 , 


1.0003 


2.2912 


.05 


1.0S13 


.9512 


.0500 


1.0013. 


2.8636 


.06 


1.0618 


.9418 


.0600 


1.0018 


3.4357 


.07 


1.0725 


.9324 


.0701 


1.0025 


4.0074 


.OS 


1.0S33 


.9231 


,0801 


1.0032 


4.5788 


.09 


1.0942 


.9139 


.0901 


1.0041 


5.1497 


.10 


1.1052 


.9048 


.1002 


l.OOSO 


5,720 . 


.11 


1.1163 


.S9S3 


.1102 


1.0061 


6.290 


.12 


1.1275 


.8869 


.1203 


1.0072 


6.859 


.13 


l.n88 


.8781 


,1304 


1.0085 


7.423 


.14 


1.1503 


.8694 


.1405 


1.0098 


7.995 


.15 


1.1618 


.8607 


.1506 


1.0113 


8.562 


.16 


1.1735 


.8521 


.1607 


1,0128 


9.128 




1.1S53 


. .8437 


.1708 


1.0145 


9,694 


lis 


1.1972 


.8353 


.1810 


1,0162 


10.258 


.19 


1.2092 


.8270 


.1911 


1.0181 


10.821 


.20 


1.2214 


.8187 


.2013 


1.0201 


11.384 


.21 


1.2337 


.8106 


.2115 


1.0221 


11.945 


.22 


1.2461 


.8025 


.2218 


1.0243 


12.505 


.23 


1.25S6 


.7945 


.2320 


1.0266 


13.063 


.24 


1.2712 


.7866 


.2423 


1.0289 


13.621 


.25 


1.2840 


.7788 


.2526 


1.0314 


14.177 


.26 


1.2959 


.7711 


.2629 


1,0340 


14.732 


.27 


1.3100 


.7634 


.2733 


1.0367 


15.285 


.2S 


1.3231 


.7558 


.2837 


1,0395 


15.S37 


.25 


1.3364 


.7433 


.2941 


l.(H23 


16.388 


.30 


1.3499 


.7408 


.3045 


1.0453 


16.937 


.31 


1.3634 


.7334 


.3150 


l,tM84 


17.484 


.32 


1.3771 


.7261 


.3255 


1.0516 


18.030 


.33 


1.3910 


.7189 


.3360 


1.0549 


18.573 


.34 


1.4049 


.7118 


.3466 


1.0584 


19.116 


.35 


1.4191 


.7047 


,3572 


1.0619 


19.656 


.36 


1.4333 


.6977 


,3678 


1.0655 


20.195 


.37 


1.4477 


.6907 


.3785 


1.0692 


20.732 


.38 


1.4623 


.6839 


.3892 


1.0731 


21.267 


.39 


1.4770 


.6771 


.4000 


1.0770 


21.800 


.40 


1,4918 


.6703 


.4108 


1.0811 


22.331 


.41 


3.5068 ■ 


.6636 


.4216 


1.0S52 


22.859 


.42 


],.i220 


.6570 


.4325 


1.0895 


23.386 




1.5373 


.6.505 


.4434 


1.0939 


23.911 


.44 


1,5527 


.6440 


.4543 


1.09S4 


24,434 


.45 


1,S6S3 


.6376 


,4653 


1.1030 


24.955 


.46 


1.5S41 


.6313 


.4764 


1.1077 


25.473 


.47 


1.6000 


.62.';0 


.4875 


1,1125 


25.989 


.48 


1.6161 


.6183 


.4986 


1.1174 


26.503 


.49 


1.6323 


.6126 


.5098 


1.1225 


27.015 


0.50 


1.6487 


0,6065 


0.S211 


1.1276 


27?524 
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TABLES. 
Hyperbolic Function*. 



■ 


e* 


^. 


Binhz 


coahx 


gd* 


0.50 


1.6487 


0.6065 


0.S2U 


1.1276 


27!S24 




51 


1.6653 


.6005 


.5324 


1.1329 


28.031 




52 


1.6820 


.5945 


.5438 


1.1333 


23.535 




53 


1.6989 


.5886 


.5552 


1.1438 


29.037 




54 


1.7160 


.5827 


.5666 


1.1494 


29.537 




55 


1.7333 


.5770 


.5782 


1.1551 


30.034 




56 


1.7507 


.5712 


.5897 


1.1609 


30.529 




57 


1.7683 


.5655 


.6014 


1.1669 


31.021 




58 


1.7860 


.5599 


.6131 


1.1730 


31.511 




59 


1.S040 


.5543 


.6248 


1.1792 


31.998 




GO 


1.8221 


.5438' 


.6367 


1.185S 


32.483 




61 


1.84CW 


.5433 


.6485 


1.1919 


32.96S 




62 


1.S589 


.5379 


,6605 


1.1984 


33.444 




63 


1.8776 


.5326 


.6725 


1.2051 


33.921 




64 


1.8965 


.5273 


.6846 


1.2119 


34.395 




65 


1.915S 


.5220 


.6967 


1.2188 


34.867 




66 


1.9348 


.5169 


.7090 


1.2258 


35.336 




67 


1.9S42 


.5117 


.7213 


1.2330 


35.802 




68 


1.9739 


.5066 


.7336 


1.2402 


36.265 




69 


1.9937 


.5016 


.7461 


1.2476 


36.726 




70 


2.0138 


.4966 


.7586 


1.2552 


37.183 




71 


2.0340 


.4916 


.7712 


1.2628 


37.638 




72 


2.0544 


.4867 


.7838 


1.2706 


38.091 




73 


2.0751 


.4819 


.7'.>66 


1.2785 


38.540 




74 


2.0959 


.4771 


.8094 


1.2865 


38.987 




75 


2.H70 


.4724 


.8223 


1.2947 


39.431 




76 


2.1383 


.4677 


.8353 


1.3030 


39.872 




77 


2.1598 


.4630 


.8484 


1.3114 


40.310 




78 


2.1815 


.4584 


.8615 


1.3199 


40.746 




79 


2.2034 


.4538 


.8748 


1,3286 


41.179 




80 


2.2255 


.4493 


8881 


1.3374 


41.608 




81 


2.2479 


.4449 


19015 


1.3464 


42.035 




82 


2.2705 


.4404 


.9150 


1.355S 


42.460 




83 


2.2933 


.4360 


.9286 


1.3647 


42.881 






2.3164 


.4317 


.9423 


1.3740 


43.299 




85 


2.3396 


.4274 


.9561 


1.3835 


43.715 




86 


2,3632 


.4232 


.9700 


1.3932 


44.128 




87 


2.3S(» 


.4190 


.9840 


1,4029 


44.537 






2.4109 


.4148 


.9981 


1.4128 


44.944 




89 


2.4351 


.4107 


1.0122 


1.4229 


45.348 




90 


2.4596 


.4066 


1.0265 


1.4331 


45.750 




91 


2.4843 


.4025 


1.0409 


1.4434 


46.148 




92 


2.5093 


.3985 


1.0554 


1.4539 


46.544 




93 


2.S345 


.3946 


1.0700 


1.4645 


46.936 




94 


2.5600 


.3906 


1.0S47 


1.4753 


47.326 




95 


2.5857 


.3867 


1.0995 


1.4862 


47.713 




96 


2.6117 


.3829 


1.1144 


1.4973 ■ 


48.097 




97 


2.6379 


.3791 


1.1294 


L.'iOSS 


48.478 




98 


2.6645 


.3753 


1.1446 


1.5199 


48.857 




99 


2.6912 


.3716 


1.1598 


]..';314 


49.232 


1 


00 


2.7183 


0.3679 


1.1752 


1.5431 


49?605 



TABLES. 
Hyperbolic Functloni. 





















" 


UiJihic 


icoahx 


• 


(Bm]lJ^ 


I cosh E 


■ 


Uinhz 


Icoehx 


1.00 


0.0701 


0.1884 


1.50 


0.3282 


0.3715 


2.00 


0.S59S 


0.57S4 


1.01 


.0758 


.1917 


1.51 


.3330 


.3754 


2,01 


.,5640 


.5796 


1.02 


.OS] 5 


.1950 


1.52 


.3378 


.3794 


2.02 


.5685 


.5838 


1.03 


.0871 


.1984 


1.53 


.3426 


.3833 


2.03 


.5730 


.5830 


1.04 


.0927 


.2018 


1.54 


.3474 


.3873 


2,04 


.5775 


.5922 


1.05 


.0982 


.2051 


].55 


.3521 


.3913 


2.05 


.5820 


.5964 


1,06 


.1038 


.2086 


1.56 


.3569 


.3952 


2.06 


.5865 


.6006 


1.07 


.1093 


.2120 


1.57 


.3616 


.3992 


2.07 


.5910 


.6048 


1.08 


.1148 


.2154 


1.58 


.3663 


.4032 


2.08 


..5955 


.6090 


1.09 


.1203 


.2189 


1.59 


,3711 


.4072 


2.09 


.6000 


■ .6132 


1.10 


.1257 


.2223 


1.60 


.3753 


.4112 


, 2.10 


.6044 


.6175 


1.11 


.1311 


.2258 


1.61 


.3805 


.4152 


2.11 


.6089 


.6217 


1.12 


.1365 


.2293 


1.62 


.3852 


.4192 


2.12 


.6134 


,6259 


1.13 


.1419 


■ .2328 


1.63 


.3399 


.4232 


2.13 


.6178 


.6301 


1.1+ 


.1472 


.2364 


1.64 


.3946 


.4273 


2.14 


.6223 


.6343 


LIS 


.1525 


.2399 


1.65 


.3992 


.4313 


2.15 


.6268 


.6386 


1.16 


.1578 


.2435 


i.66 


.4039 


.4353 


2.16 


.6312 


.6428 


1.17 


.1631 


.2470 


].67 


.4086 


.4394 


2.17 


.6357 


.6470 


1.18 


.1684 


.2506 


1.68 


.4132 


.4434 


2.18 


,6401 


.6512 


1.19 


.1736 


.2542 


1.69 


.4179 


.4475 


2.19 


.6446 


.6555 


1.20 


.1788 


.2578 


1.70 


.4225 


.4515 


2,20 


,6491 


.6597 


1.21 


.1840 


.2615 


1.71 


,4272 


.4556 


2.21 


.6535 


.6640 


1.22 


.1892 


.2651 


1.72 


.4318 


.4597 


2.22 


.6580 


.6682 


1.23 


.1944 


.2688 


1.73 


.4364 


.4637 


2.23 


.6624 


.0724 


1.24 


.1995 


.2724 


1.74 


.4411 


.4678 


2.24 


.6668 


.6767 


1.25 


.2046 


.276] 


1.75 


.4457 


.4719 


2.25 


.6713 


.6809 


1.26 


.2098 


.2798 


1.76 


.4503 


.4760 


2.26 


.6757 


.6852 


1.27 


.2148 


.2835 


1.77 


.4549 


.4801 


2.27 


.6302 


.6894 


1.2S 


.2199 


.2872 


1.78 


.4,S95 


.4342 


2.28 


.6846 


.6937 


1.29 


.2250 


.2909 


1.79 


.4641 


.4833 


2.29 


.6890 


.6979 


1.30 


.2300 


.2947 


1.80 


.4637 


.4^4 1 


2.30 


.6935 


.7022 


1.31 


.2351 


.2984 


1.81 


.4733 


.4965 


2.31 


.6979 


.7064 


1.32 


.2401 


.3022 


1.82 


.4778 


.5006 


2.32 


.7023 


.7107 


1.33 


.2451 


.3059 


1.83 


.4824 


.5043 


2.33 


.7067 


.7150 


1.34 


.2501 


.3097 


1.84 


.4870 


.5089 


2,34 


.7112 


.7192 


1.35 


.2551 


.3135 


1.85 


.4915 


.5130 


2.35 


.7156 


.7235 


1.36 


.2600 


.3173 


1.86 


.4961 


.5172 


2,36 


.7200 


.7278 


1.37 


.2650 


.3211 


1.87 


.5007 


.5213 


2.37 


.7244 


.7320 


1.33 


.2699 


.3249 




.5052 


.5254 


2.38 


.7289 


.7363 


1.39 


.2743 


.3288 


i:S9 


.5098 


.5296 


2.38 


.7333 


.7406 


1.40 


.2797 


.3326 


1,90 


.5143 


.5337 


2.40 


.7377 


.7443 


1.41 


.2846 


.3365 


1.91 


.5188 


.5379 


2.41 


.7421 


.7491 


1.42 


.2895 


.3403 


1.92 


.5234 


.5421 


2.42 


.7465 


.7534 


1.43 


.2944 


.3442 


1.93 


.5279 


.5462 


2.43 


.7509 


.7577 


1.44 


.2993 


.3481 


1.94 


.5324 


.5504 


2.44 


.7553 


.7619 


1.4S 


.3(M1 


.3520 


1.95 


.5370 


.5545 


2.4S 


.7597 


.7662 


1.46 


.3090 


.3559 


1.96 


.5415 


.5687 


2.46 


.7642 


.7705 


1.47 


.3138 


.3598 


1.97 


..5460 


.5629 


2.47 


.7686 


.7748 


1.43 


.3186 


.3637 


1.98 


.5505 


.5671 


2.48 


.7730 


.7791 


1.49 


.3234 


.3676 


1.99 


.5550 


.5713 


2.49 


.7774 


.7833 


1.50 


0.3282 


0.3715 


2.00 


0.5595 


0.5754 


2.50 


0.7818 


0.7876 



TABLES. 
Hyperbolic Functions. 



- 


lainhi I 


osh» 




l^ahx 


2 cosh z 


» 


Uinha: 


Icoahx 


2.50 


0.7818 


7876 


2.75 


0.8915 


0.8951 


3.0 


1.0008 


1.0029 


2.S1 


.7862 


7919 


2.76 


.8959 


.8994 


3,1 


1.0444 


1.0462 


2. 52 


.7906 


7962 


2.77 


.9003 


.9037 


3.2 




1,0894 


2,53 


.7950 


800S 


2,78 


.90*6 


.9080 


3.3 


l!l316 


1,1327 


2. 54 


.7994 


8048 


2.79 


.9090 


.9123 


3.4 


1,1751 


1.1761 


2.55 


.8038 


8091 


2.80 


.9134 


.9166 


3.5 


1.2186 


1.2194 


2.56 


.8082 


8134 


2.81 


.9178 


.9209 


3.6 


1,2621 


1.2628 


2.57 


.8126 


8176 


2.82 


.9221 


.9252 


3.7 


1.3056 


1.3061 


2.5S 


.8169 


8219 


2.83 


.9265 


.9295 


3.8 


1,3491 


1,3495 


2.59 


.8213 


8262 


2.84 


.9309 


.9338 


3.9 


1.3925 


1.3929 


2.60 


.8257 


8305 


2.85 


.9353 


.9382 


4.0 


1,4360 


1.4363 


2.61 


.8301 


8348 


2.86 


.9396 


.9425 


4.1 


1,4795 


1.4797 


2.62 


.834.'; 


8391 


2.87 


.9440 


.9468 


4.2 


1,5229 


■1.5231 


2.63 


.8389 


8434 


2.88 


.9484 


.9511 


4.3 


1.5664 


1.5665 


2.64 


.8433 


8477 


2.89 


.9527 


.9554 


4.4 


1.6098 


1.6099 


2.65 


.8477 


8520 


290 


.9571 


■ .9597 


4.5 


1,6532 


1,6533 


2.66 


.8521 


8563 


2.9i 


.%15 


.9641 


4,6 


1.6967 


1.6968 


2.67 


.8564 


8606 


2.92 


.9658 


.9684 


4.7 


1.7401 


1.7402 




.8608 


8649 


2.93 


.9702 


.9727 


4,8 


1.7836 


1.7836 


2^69 


.8652 




2.94 


.9746 


.9770 


4,9 


1,8270 


1.8270 


2.70 


.8696 


8735 


2.9S 


.9789 


.9813 


5,0 


1,8704 


1,8705 


2.71 


.8740 


8778 


2.96 


.9833 


.9856 


6,0 


2,3047 


2,3047 


2.72 


.8784 


8821 


2.97 


.9877 


.9900 


7,0 


2,7390 


2.7390 


2.73 


.8827 


8864 


2.98 


.9920 


.9943 


8,0 


3,1733 


3.1733 


2.74 


.8871 


8907 


2.99 


.9964 


.9986 


9,0 


3.6076 


3.6076 


2.75 


0.S915 


8951 


3.00 


1.0008 


1.0029 


10.0 


4.0419 


4.0419 



For values of x greater than 7.0, we may writ*, to five places of deci- 
nalB at least, 

It^walnh X = logio coali a: = log J e' = i (0.4842M5) + 1.6989700. 
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The Common Logarithms of T(n) for Values of n between 1 and 2. 



• 


1 


- 


1 


• 


2 


" 


i 
S 


» 


3; 

1 


1.01 


1.9975 


1.21 


1.9617 


1.41 


.9478 


1,61 


1,9517 


1.81 


1.9704 


■1.02 


1.9951 


1.22 


1.9605 


1.42 


.9476 


1.62 


1.9523 


1.82 


1.9717 


1.03 


1.9928 


1.23 


1.9594 


1.43 


,9475 


1.63 


1.9529 


1.83 


1.9730 


1.W 


1-9905 


1.24 


1.9583 


1.44 


.9473 


1.6} 


1.9536 


1.84 


1.9713 


■1.05 


1.9883 


1.2S 


1.9573 


1.45 


,9473 


1.65 


1.9543 


1.35 


1.9757 


1.06 


1.9862 


1.26 


T.9S64 


1.46 


.9472 


1.66 


1.9550 


1.86 


1.9771 


1.07 


1.9841 


1.27 


I.95S4 


1.47 


.9473 


1.67 


T.9S58 


1.87 


i.9786 


1.08 


1.9821 


1.28 


1.9546 


1.48 


.9173 


1.68 


T.9S66 


1.83 


1.9800 


1.09 


1.9802 


1.29 


1.9538 


1.49 


.9474 


1.69 


1.9575 


1.89 


1.9815 


1.10 


1.9783 


1.30 


T.9S30 


1.50 


.9475 


1.70 


1.9584 


1.90 


1.9831 


1.11 


r.976S 


Ul 


1.9523 


1.51 


.9477 


1.71 


1.9593 


1.91 


1.9846 


1.12 


1.9748 


J 32 


I.9S16 


1.52 


.9479 


1.72 


1.9603 


1.92 


I.986Z 


1.13 


1.9731 


1J3 


1.9510 


1.53 


.9482 


1.73 


1.9613 


1.93 


1.9878 


1.14 


T.971S 


1.34 


1-9505 


1.S4 


.9485 


1.74 


1.9623 


1.94 


1.9895 


1.15 


1.9699 


1.35 


r.9500 


1.5S 


.9488 


1.75 


i.9633 


1.95 


i.9912 


1.16 


i.9684 


1.36 


i.9495 


1.56 


.9492 


1.76 


1.9644 


1.96 


1.9929 


1.17 


r.9669 


1J7 


i.9491 


1.57 


.9496 


1.77 


I.96S6 


1.97 


1.9946 


1.18 


1.9655 


138 


1.9487 


1.58 


.9501 


1.78 


1.9667 


1.98 


1.9964 


1.19 


1.9642 


139 


1.9*83 


1.59 


.9506 


1.79 


1.9679 


1.99 


1.9982 


1.20 


1.9629 


1.40 


1.9481 


1.60 


.9511 


1,80 


1.9691 


2.00 


0.OOOO 
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NATURAL TRIGONOMETRIC FUNCTIONS. 



Angle. 


em. 


Ck. 


Tm. 


Cin. 


■ Sec. 


Coi. 




0° 


0.000 


00 


0.000 


00 


1-000 


1.000 




1 


0,017 


57.30 


0,017 


57.29 


1.000 






2 


0.035 


28.65 


0,035 


28.64 


1,001 






3 


0,052 


19.11 


0,052 


19,08 


1,001 


0.999 


87 


4 


0.070 


14.34 


0,070 


1430 


1,002 


0.998 


86 


5° 


0.087 


11.47 


0,087 


11,43 






85= 




0.10S 


9.567 


0.105 


9,514 


1,006 






7 


0.122 


8.206 


0,123 


8.144 


1,008 


0.993 


83 


8 


ai39 


7.185 


0,141 


7,115 


1,010 


0.990 


82 


9 


0.1S6 


6,392 


0,158 


6,314 


1,012 


0.988 


81 




0.174 


5.7.59 


0,176 


5.671 


1.015 


0.985 


80= 


11 


0.191 


5.241 


0.194 


5.145 


1,019 


0.982 


79 


12 


0.208 


4.810 


0.213 


4.705 


1,022 


0.978 


78 


13 


0.225 


4.445 


0,231 


4.331 


1,026 


0.974 




14 


0.242 


4.134 


0,249 


4.011 




0.970 


7G 




0.259 


3,H64 


0,268 


3.732 


1,035 


0,966 


75= 


16 


0.276 




0.287 


3,487 


1.040 


0,%1 


74 


17 


0.292 


3.420 


0,306 


3.271 


1,046 


0,956 


73 


18 


0.309 


3,236 


0.325 


3.078 


1,051 


0,951 






0.326 


3,072 


0.344 


2.904 


1,058 


0.946 


71 










2.747 




0.940 




21 


0.353 


2,790 


0.384 


2.605 


1,071 


0.934 


69 


22 


0.37S 


2,669 


0.404 


2.47S 


1,079 


0.927 






0.391 


2,559 


0,424 


2.356 


1.086 






24 


0.407 


2.459 


0.445 


2246 


1.095 


0,914 


66 




0.423 




0.466 






0.906 




26 


0.433 


2,281 


0.488 


2,050 


1.113 


0.899 






0.454 


2,203 


0.5)0 


1.963 


1.122 






23 


0.46* 


2,130 


0.532 


1.881 








29 


0.485 


2,063 


0,554 


1.804 


1.143 


0.875 


ei 




0.500 


2,000 


0-577 




1.155 


0866 


60^ 




0,515 


1.942 


0.601 




1.167 


0.8S7 




32 


0-.530 


1.887 


0.625 


1.600 


1.179 


0.848 


58 


33 


0.545 


1.836 


0.649 


1.S40 


1.192 


0.839 


57 


34 


0.559 


1.788 


0.675 


1.483 


1,206 


0.829 


56 


35' 


0.574 


1.743 


0.700 


1.428 


1,221 


0.819 


65= ■ 


36 


0.588 


1.701 


0,727 


1,376 


1.236 


0.809 


54 


37 


0.602 


1.662 


0.754 


1.327 


1.252 


0.799 


53 


38 


0,616 


1,624 


0,781 


1.280 


1,269 


0,788 


52 


39 


0.629 


1-589 


0,810 


1.235 


1.287 


0.777 


61 


40= 


0,643 


1.556 


0,839 


1.192 


1.305 


0,766 


50= 


41 


0,656 


1.S24 


0,869 


1.150 


1,325 


0,755 


49 


42 


0.669 


1.494 


0.9O0 


1.111 


1.346 


0,743 




43 


0.682 


1.466 


0.933 


1.072 


1,367 


0,731 




44 


0695 


1.440 


0,966 


1.036 


1.390 


0,719 


46 


45= 


0.707 


1.414 


1.000 


1.000 


1.414 


0,707 


45= 




Coi. 


Sec. 


Ctn. 


Tan. 


C-so. 


Sin. 


Annie. 
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TABLES. 

LogarithmB. 



0000 0043 003B OISS 0170 

0414 04B3 0493 OBSl 0660 

0793 0S38 08S4 0899 0934 

1139 1173 ISOe 1339 1371 

t4Bl 1192 1633 1663 1684 



17B1 1790 1813 1847 187G 
2041 3088 3096 3133 3148 
3304 2330 3366 3380 3406 
3663 2677 3601 8636 3648 
2788 3810 3833 2866 387B 



3010 3033 3064 3076 3098 
S233 3243 3363 3384 3304 
3434 3441 3464 3483 3603 
3817 3836 36S6 3674 3692 
3830 3838 3868 3874 



3997 4014 4031 4048 
4160 4186 4183 4300 4218 
4314 4330 4348 4383 4378 
4473 1487 4602 4618 4633 
4634 4839 4664 4869 4683 



4771 47B6 4800 4814 1839 
4914 4938 4943 4966 4969 
60B1 60S6 6079 6093 6106 
6186 6198 sail 6224 G337 
6338 6340 6353 6366 



6441 6453 6486 6478 5490 
5676 66B7 E599 6611 
6683 6691 6706 6717 6729 
6798 S809 6831 6833 13843 
6911 5933 6933 5944 6955 



6031 6031 6042 6063 6084 
6138 6138 8149 8160 6170. 
6332 6243 6363 6363 8274 
6336 6346 6356 6365 6375 
6436 6444 6461.6484 6474 



6632 6642 6551 8661 6571 
6638 6637 6646 8666 6665 
6731 6730 8738 6749 8758 
8813 6831 6830 6839 6648 
6902 6911 6920 8938 8937 



6998 7007 7018 7024 
7078 7084 7093 7101 7110 
7160 7168 7177 7186 7193 
7343 7351 7260 7367 7276 
7334 7332 7340 7348 7366 



0313 0353 0294 0334 0374 

0607 0616 0632 0718 0765 

0069 1004 1038 1072 llOS 

1303 1335 1367 1390 1430 

1614 1644 1873 1703 1733 



1903 1931 1959 1987 2014 

3175 2201 3227 3253 2379 

2430 3165 3480 3504 3539 

2672 2695 2713 2742 2766 

3900 3933 3946 3967 8989 



3139 3160 
3345 3365 
3641 3580 
3729 3747 
3909 3937 



3181 3201 
3385 3404 
3579 3593 
3768 3781 



4033 4099 
4349 4366 
4409 4435 
4584 4579 
4713 4723 



4116 4133 
4281 4298 
4440 4466 
4594 4809 
4742 4757 



4843 4857 4871 4886 4900 
4983 4997 5011 5024 G03B 
5119 6132 6115 6159 6173 
6260 6363 6376 63S9 6302 
6378 6391 6403 6416 643B 



5502 6614 6627 6539 5651 

6633 6835 5647 5868 5870 

6740 6753 5783 6776 6786 

5856 6886 6877 6888 6899 

5986 6077 6983 6909 6010 



6075 8086 6098 6107 6117 
8180 8191 8301 8312 6322 
6334 8294 6304 6314 6325 
63B5 6396 6405 6415 6425 
6484 8403 6603 6613 6622 



6580 8690 6699 6609 661B 
6676 8684 6693 6702 6712 
6767 6778 6735 8794 6B03 
6B57 6868 6876 6884 6893 
8946 6955 8984 8973 6981 



7033 7043 7050 7069 7067 

7118 7138 7136 7143 7163 

7303 7310 7318 7328 7335 

73B4 7393 7300 7308 7316 

7364 7373 7360 7388 7396 
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TABLES. 
Logarithms. 



7404 T4ia 7419 
7433 7490 7497 
7669 7568 7574 
7631 7643 7949 
7709 7716 7733 



7437 7436 
7605 7B13 
7583 TGS9 
7657 7664 
7731 7738 



7783 7789 7798 7303 7810 

7875 7883 

7946 7963 

8014 8021 

8083 80S9 



7984 7931 7933 7 
7993 SOOO 8007 8 
8063 8069 8075 8 



8139 8136 S143 8140 3166 
8196 8303 8309 8316 8333 
8S8I 3367 8374 8330 8237 
8336 8331 8338 8344 3361 
B3B8 8396 B401 8407 8414 



8451 8467 8463 8470 8476 

8513 8619 8635 8631 8637 

8573 8679 8585 8591 8597 

8633 8639 8645 8B51 8657 

3693 8698 8704 8710 B71B 



8751 8756 8763 3763 8774 

8B03 8314 3330 3335 3331 

8366 8871 887B 8833 8887 

8931 8937 8933 3936 8943 

8976 39B3 8937 8993 3998 



9031 9036 9043 9047 9053 

9086 9090 9006 9101 9106 

9138 9143 0149 S154 9169 

0191 9196 0301 9306 9313 

0343 9348 9353 9258 9363 



9399 9304 9309 9315 
9350 9366 9360 0365 

9400 6405 S410 9415 
6460 9459 9460 9465 
9499 6504 9609 9513 



9S47 6553 6G67 9563 
9695 9600 9605 9609 
9843 9647 9653 9657 
9689 9694 9699 9703 
9736 9741 9745 9750 



9777 9783 9786 9791 9795 
9823 9827 9832 9836 9841 
9869 9873 9877 9331 9336 
9912 9917 9921 9628 9930 
9956 9961 9966 9969 9974 



7443 7461 7469 7466 7474 
7630 7528 7636 7643 7561 
7697 7604 7613 7618 7637 
7678 7679 7686 7694 7701 
7746 7752 7760 7767 7774 



7818 7835 7333 7839 7846 

7889 7396 7903 7910 7617 

7969 7968 7973 7980 7987 

8036 8041 8048 8055 

8102 8106 8116 8132 



8162 3169 8176 8132 3169 

B228 8235 8341 B248 3264 

3393 8399 8306 8313 8319 

8367 8363 8370 8376 B383 

8420 8436 8432 3439 8445 



8483 8488 8494 8600 8606 
8643 8549 8656 8661 8667 
8606 8615 3631 8637 
3663 8669 3675 3881 8686 
8733 8727 8733 8739 8746 



8779 8785 3791 87^7 8802 
8837 8843 8843 8354 8859 
3393 8899 8904 8910 3915 
8954 BB60 BS65 8G71 
9004 9009 9016 9030 9035 



9058 9063 9066 9074 9076 

9112 9117 9133 9133 9133 

66 9170 9175 9180 9186 

9317 9322 9327 9332 9238 

9374 9279 9284 9289 



9335 9330 9336 9340 

9370 9375 9380 9386 9390 

9430 8426 9430 9435 6440 

9469 6474 9479 9464 64S9 

961B 9623 9536 6533 9538 



9566 9571 9676 9561 9586 

9614 9619 6634 9638 6633 

9661 9666 9671 6675 9880 

9708 9713 9717 9723 9737 

9754 9769 97B3 9768 9773 



9800 9305 9809 6314 9818 
9845 9850 9854 9856 9863 
9890 9894 9899 9603 6903 
9934 9639 6943 9943 9663 
9678 9983 9987 9991 9996 



0.49716 -. 



0.4Ma) + 
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Logarithms, 



N 





1 


2 


3 


4 6 


e 


7 


8 


9 10 


too 


0000 0004 0009 0013 0017 


0033 


9036 0030 


[)036 


00S9 


0043 


101 


0043 


0048 


00B3 


0068 


ooeo 


0066 


0069 


0073 0077 


0083 


0088 


103 


0386 


0090 0096 0099 


0103 


0107 


Dill 


0116 


0120 0134 


0138 


103 


0138 


0133 


0137 


0141 


0146 


0149 


0164 0168 


0162 


0166 


0170 


104 
103 


0170 


0176 


0179 


0183 0187 


0191 


1196 


0199 


0204 


0308 


0312 


0313 


0316 


0220 0324 


0338 


0333 


0337 


0241 


0246 0349 


0353 


loe 


0363 0257 


0361 


0365 


0269 


0273 


0378 


0282 


0286 


0290 


0384 


107 


0394 


0298 


0303 


0306 


0310 


0314 0318 


0329 


0328 


0330 


0334 


108 


0334 


0338 


0343 


0346 


0350 


0364 0368 


0362 


0368 


0370 


0374 


109 
IIO 


0374 


0378 


0382 


0386 


0390 


0394 


0398 


0402 


040B 


0410 


0414 


0414 0418 


0432 


0426 


0430 


0434 0438 


0441 


0445 


0449 


0453 


HI 


0453 


0457 


0461 


0466 


0469 


0473 


0477 


04B1 


0484 0488 


0493 


112 


oioa 


0498 


0600 0504 


0608 


0519 0615 


OBIB 


0623 


0627 


0531 


113 


0531 


063H 


0538 


0542 


0546 


0650 0554 0568 


0561 


0565 


0669 


114 
115 


0569 


0673 


0577 


0680 


0684 


0688 


)692 


0696 0599 


0603 


0607 


0807 


0611 


0616 


0618 


0622 


0626 


0630 


0633 0637 


0641 


0645 


lie 


0645 


0848 


0652 


0666 


0860 


0663 


0667 


0671 


0874 0678 


0682 


117 


0683 


0686 


0689 


0693 


0697 


0700 


0704 0708 


0711 


0716 


0719 


118 


0719 


0722 


0736 


0730 


0734 


0737 


0741 


0745 


0748 


0763 


0765 


iia 

ISO 


0766 


0769 


0763 


0766 


0770 


0774 


0777 


0781 


0785 


0788 


0793 


0793 


07S6 


0799 


0803 


0806 


0810 


0813 


0817 


0831 


0824 


D838 


121 


08SB 


0B31 


083B 


0839 


0843 


0846 


0849 


0863 


0858 


086O 


0864 


123 


0864 0867 


0871 


0874 


0878 


0881 


0885 


OB88 


0892 


0898 


0899 


133 


0899 


0903 


0906 


0910 


0913 


0917 


092O 


0B24 0937 


0931 


0984 


124 
13S 


0934 


0938 


0941 


0946 


0948 


0962 


0966 


0959 


0982 


0966 


0969 


0969 


0973 


0976 


0980 


0983 


0986 


0990 


0993 


0997 


1000 


1004 


126 


1004 


1007 


1011 


1014 


1017 


1031 


1024 


1028 


1031 


1036 


1038 


137 


1038 


1041 


1045 


1048 


1052 


1055 


1069 


10B3 


1065 


1068 


1073 


138 


1073 


1076 


1079 


1082 


1086 


1089 


1092 


1096 


1099 


1103 


1106 


129 
ISO 


1108 


1109 


1113 


1116 


1119 


1123 


1128 


1129 


1133 


1136 


1139 


1139 


1143 


1146 


1149 


1163 


1166 


1150 1163 


1168 


1169 


1173 


131 


1173 


II78 


1179 


1183 


1186 


1189 


1193 


1166 


1199 


1203 


1206 


133 


1306 


1209 


1313 


1218 


1210 


1229 


1225 


1229 


1232 


1235 


1239 


133 


1339 


1242 


1246 


1248 


1352 


1366 


1268 


1261 


1366 


1288 


1371 


13* 
135 


1371 


1274 


1278 


1381 


1284 


1387 


290 


1394 


297 


1300 


1303 


1303 


1307 


1310 


1313 


1316 


1319 


323 


1336 


329 


1333 


1336 


136 


1335 


1339 


1343 


1346 


1348 


1351 


355 


1358 


361 


1364 


1367 


137 


1367 


1370 


1374 


1377 


1380 


13B3 


1386 


1389 


392 


1396 


1399 


136 


1399 


1402 


1405 


1408 


1411 


1414 


1418 


1421 


1424 1427 


1430 


139 
140 


1430 


1433 


1436 


1440 


1443 


1446 


1449 


1452 


1465 


1458 


1481 


14B1 


1464 


1467 


1471 


1474 


1477 


I4B0 


1483 


1486 


1489 


1492 


141 


1493 


1495 


1498 


1501 


1504 


1508 


511 


1514 


617 


1530 


1523 


143 


1523 


1636 


1529 


1E?3 


1535 


1538 


1541 


1544 


1547 


1550 


1553 


143 


1553 


1566 


1559 


1563 


1565 


1569 


1572 


1575 


678 


1581 


1684 


144 
145 


I6B4 


1687 


1590 1693 


1696 


1699 


1602 


1806 


1608 


1611 


1614 


1814 


1617 


1820 


1633 


1636 


1639 


632 


1635 


1B3S 


1641 


1644 


14fl 


1644 


1647 


1649 


1663 


1866 


1658 


661 


1664 


1667 


1670 


1673 


147 


1673 


1676 


1679 


1683 


1685 


1688 


691 


1694 


1697 


1700 


1703 


148 • 


1703 


1706 


1708 


1711 


1714 


1717 


730 


1723 


736 


1729 


1733 


149 


1732 


1736 


1738 


1741 


1744 


1746 


1749 


1752 


755 


1758 


17B1 



J, Google 



TABLB3. 

IiOgarithnia. 



N 





1 


3 


3 


4 5 


6 


7 


8 


9 10 


130 


1761 


1764 


1767 


1770 


1773 


1776 


1778 


1781 


1784 


1787 


1790 


151 


1790 


17B8 


1796 1798 


1801 


1804 


1807 


1810 1813 


181 e 


1818 


153 


1818 


1821 


1824 1837 


1830 


1833 


1836 


1338 


1841 


1844 


1847 


163 


1847 


1850 


1363 


1866 


1858 


1881 


1864 


1867 


1870 


1872 


1876 


154 
ISS 


1875 


1878 


1881 


1884 


1886 


1889 


1892 


1896 


1898 


1901 


1903 


1903 


1908 


1909 


1913 


1916 


1B17 


1B30 


1923 


1928 


1928 


1831 


166 


1931 


1934 1937 


1940 


1942 


1B46 


1948 


1961 


1963 


1958 


1959 


167 


1959 


1963 


1966 


1967 


1970 


1978 


1978 


1978 


1981 


1984 


1987 


168 


IB 87 


1989 


1993 


1995 


1998 


2000 8003 


3006 


3008 


3011 


8014 


159 
160 


2014 


3017 


2019 


3033 


2026 


2028 


3030 


3033 


8038 


8038 


9041 


3041 


3044 


3047 


2049 


3063 


2055 


3057 


3060 


2063 


3068 


3068 


161 


3068 


3071 


2074 3076 


2079 


3082 


3084 2087 


3090 


3093 


8095 


163 


3095 


3098 


3101 


2103 


2108 


2109 


31U 


3114 


3117 


3119 


2133 


163 


3133 


3126 


3127 


2130 


3133 


2135 


9138 


2140 


2143 


3146 


2148 


164 
16S 


2148 


31B1 


3164 2166 


3169 


3163 


3164 


2187 


3170 3173 


3175 


3175 


3177 


3180 3183 


2186 


2188 


2191 


2193 


21B6 


8198 


2301 


168 


3301 


3204 3306 


3209 


2312 


3314 


3317 


2219 


2223 


2226 


3237 


167 


3327 


2230 


3333 


2336 


2238 


3240 


2343 


2346 


3248 


3361 


2363 


16S 


3353 


2266 


3368 


2261 


3263 


2266 


2369 


2371 


2374 2376 


9979 


189 
170 


237B 


8381 


3284 


2387 


2280 


2293 


3394 


2397 


2299 


2302 


3304 


3304 


3307 


2310 


3312 


3315 


2317 


2320 


3332 


3336 


3337 


2330 


171 


3330 


3333 


2335 


2338 


2340 


2343 


2346 


2348 


2350 


3363 


3355 


173 


2366 


3368 


2360 


3363 


2365 


2368 


3370 


2373 


2376 


2378 


3380 


173 


3380 


2383 


2386 


3383 


2390 


3393 


2396 


2398 


2400 


3403 


2405 


174 
173 


3405 


3408 


2410 


3413 


3416 


3418 


2420 


2423 


3436 


2428 


3430 


2430 


3433 


2436 


2438 


3440 


2443 


9446 


2448 


3460 


3463 


3455 


17B 


3465 


3458 


2460 


2463 


3486 


2467 


2470 


2473 


2476 


3477 


3480 


177 


34B0 


3482 


2486 


2487 


2490 


3493 


3494 3497 


2499 


3£02 


2604 


178 


3S04 3507 


3609 


3513 


2514 


2516 


3519 


3621 


3624 


2636 


3539 


179 
ISO 


3529 


2531 


3633 


2536 


3538 


2541 


2543 


3646 


2648 


2560 


3563 


3563 


2556 


3658 


3560 


2683 


2666 


2567 


3570 


3572 


2674 


2577 


181 


3677 


3579 


3683 


3684 


2586 


2589 


3591 


2694 


2696 


3598 


3601 


182 


3601 


2803 


2605 


3608 


2610 


2813 


3615 


2817 


2620 


2633 


3635 


183 


3625 


3827 


2639 


2632 


3634 


2636 


2639 


2641 


3643 


3646 


2648 


184 
185 


3648 


3651 


2653 


3665 


2658 


2660 


2662 


2685 


2687 


2669 


2673 


3873 


2874 


2676 


2879 


2681 


3883 


2686 


3688 


2690 


2693 


3695 


1B6 


3896 


3897 


2700 


2702 


3704 


2707 


3709 


2711 


2714 


2718 


3718 


187 


3718 


3731 


3723 


2726 


2728 


3730 


3733 


2736 


2737 


3739 


3742 


188 


3743 


3744 3746 


2749 


2761 


2763 


3766 


3758 


2760 


3763 


3766 


189 
lOO 


3765 


3767 


3789 


3772 


3774 


2776 


9778 


2781 


2783 


3785 


2788 


2788 


3790 3793 


2794 2797 


2799 


2801 


2804 


2806 


2808 


3810 


191 


2810 2813 


2815 


2817 


9819 


2832 


2834 


3886 


2828 


3831 


3833 


193 


2833 


3835 


2838 


2840 


2842 


2844 


2847 


2849 


2851 


3853 


2866 


IB 3 


2856 


2868 


2860 


2383 


2866 


3867 


2869 


2871 


2874 


3876 


2878 


194 
105 


2878 


2880 


2882 


2385 




2889 


3891 


9894 


2896 


2898 


2900 


2BO0 


3903 


2905 


2907 


3909 


2911 


2914 


2916 


2918 


2920 


3923 


196 


3933 


3825 


2937 


3929 


2931 


2934 


3936 


2938 


2940 


2943 


2946 , 


197 


2945 


2947 


2949 


3961 


2S53 


2958 


3968 


2980 


3963 


9964 


2967 


198 


3987 


2969 


3971 


2973 


2975 


2678 


3980 


2982 


2984 


8986 


3989 


199 


398B 


9991 


3993 


2996 






3003 


3004 


3006 


3008 


3010 



"TTiXIooglc 



TABLES. 
Trigonometric Functions. 



.*...«. 


o^»^ 


SHOS. 


co.,.^. 


..K«..TS. 


COT.«0..... 










Nut. Log. 


N«. Log. 


N»t. Log, 


N»t. 


Log. 






0,0000 


0=00- 


.0000 09 


1.0000 0.0000 


.0000 =0 






90=00' 


1.5708 


0.0029 


10 


.0029 7.4637 


1.0000 .0000 


.0029 7.4637 


343.77 2.5363 


50 


1.S679 


0.0058 


20 


.0058 .7648 


1.0000 .0000 


.0058 .76+8 


171.89 


.2352 


40 


1,5650 


0.0087 


30 


.0087 .9408 


1.0000 .0000 


.0087 .9+09 


114.59 


.0591 


30 


1.5621 


0,0116 


40 


.0116 8.0653 


.9999 .0000 


.0116 8.0658 


85.940 1.9342 


20 


1.5592 


0,01+S 


50 


.0145 .1627 


.9999 .0000 


.0145 .1627 


68.750 


.8373 


10 


1.5563 


0.017S 


I'wy 


.0175 8.2419 


.9998 9.9999 


.0175 8.2+19 


57.290 


1,7581 


89" 00" 


1.5533 


0.0204 


10 


.0204 .3088 


.9998 .9999 


.0204 .3089 


49,10+ 


.6911 


SO 


1.5504 


0.0233 


20 


.0233 .3668 


.9997 .9999 


.0233 .3669 


42.964 


.6331 


40 


1.5475 


0.0262 


30 


.0262 .4179 


.9997 .9999 


.0262 .+181 


38.183 


,5319 


30 


1.5446 


0.0291 


40 


.029! .4637 




.0291 .+638 


34.368 


.5362 


20 


1.5417 


0.0320 


50 


.0320 .5050 


.9995 .9998 


.0320 .5053 


31.242 


,4947 


10 


1.5388 


0.0349 


2=00- 


.0349 8.54Z8 


.9994 9.9997 


.0349 8,5431 


28,636 


1,4569 


88° 00- 


1.5359 


0.0378 


10 


.0378 .5776 


.9993 .9997 


.0378 .5779 


26.432 


.4221 


50 


1.5330 


0.0407 


20 


.0+07 .6097 


.9992 .9996 


.0407 .6101 


24.542 


.3899 


40 


1.5301 


0.0+36 


30 


.0+36 .6397 


.9990 .9996 


.0437 .6401 


22.904 


.3599 


30 


1.5272 


0.0465 


40 


.W6S .6677 


.9989 .9995 


.0466 .6682 


21.470 


,3318 


20 


1.S243 


0.0495 


SO 


.0+94 .6940 


.9988 .9995 


.0495 ,6945 


20.206 


.3055 


10 


1.5213 


0.0524 


3000- 


.0523 8.7188 


.9986 9.999+ 


.0524 8,7194 


19.081 


1,2806 


87' 00- 


1,5184 


0.0553 


10 


.0552 .7+23 


.9985 .9993 


,0553 ,7429 


18.075 


,2571 


SO 


1.S15S 


0.0582 


20 


.0581 .7645 


.9983 .9993 


,0582 ,7652 


17.169 


.2348 


40 


1.5126 


0.0611 


30 


.0610 .7857 


.9981 ,9992 


,0612 ,7865 


16.350 


.2135 


30 


1,5097 


0.0640 


40 


.06+0 .8059 


.9980 .9991 


.0641 .8067 


15.605 


.1933 


20 


1.5068 


0.0669 


50 


.0669 .8251 


.9978 ,9990 


,0670 .8261 


14,924 


.1739 


10 


1,5039 


0.0698 


4" 00' 


.0698 8.8+36 


.9976 9.9989 


,0699 8,8446 


14.301 


1.1554 


86-00' 


1.5010 


0,0727 


10 


.0727 .8613 


.9974 .9989 


,0729 .8624 


13,727 


.1376 


50 


1,4981 


0.0756 


20 


.0756 .8783 


.9971 .9988 


.0758 .8795 


13.197 


.1205 


40 


1.4952 


0.0785 


% 


.0785 .89+6 


.9969 .9987 


,0787 .8960 


12.706 


.1040 


30 


1.4923 


0.0314 


.0814 .9104 


.9%7 ,9986 


.0816 .9118 


12.251 


.0882 


20 


1.4893 


0.0844 


50 


.0843 .9256 


.9964 .9985 


.0846 .9272 


11.826 


.0728 


10 


1.4864 


0.0873 


s'cxy 


.0872 8.9403 


.9962 9.9983 


.0875 8.9420 


11.430 1.0580 


85-= 00- 


1.4835 


0.0902 


10 


.0901 .9545 


.9959 -9982 


,0904 .9563 


11.059 


.0437 


50 


1.4806 


0.0931 


20 


.0929 .9682 


.9957 .9981 


,0934 .9701 


10-712 


.0299 


40 


1.4777 


0.0960 


30 


.0958 .9816 


.9954 .9980 


.0963 .9836 


10.385 


.0164 


30 


1.4748 


0.0989 


40 


.0987 .9945 


.9951 .9979 


.0992 .9966 


10.078 


.0034 


20 


1.4719 


0.1018 


50 


.1016 9.0070 


.9948 .9977 


.1022 9,0093 


9.7882 0.9907 


10 


1.4690 


0.1047 


6-00' 


.1045 9.0192 


,99+5 9.9976 


.1051 9.0216 


9.5144 0.9784 


84" 00' 


1.4661 


0.1076 


10 


.1074 .0311 


.9942 ,9975 


.1080 .0336 


9.2553 


.9664 


50 


1.4632 


0.1105 


20 


.1103 .0+26 


.9939 .9973 


.niO .0+53 


9.0098 


.9547 


40 


1.4603 


0.1134 


30 


.1132 .0539 


,9936 .9972 


.1139 .0567 


8.7769 


,9433 


30 


1.4574 


0.1164 


40 


.1161 .06+8 


.9932 .9971 


.1169 .0678 


8.S5SS 


.9322 


20 


1.4S+4 


0.1193 


50 


.1190 .0755 


.9929 .9969 


.1198 .0786 


8.3450 


.9214 


10 


1,4515 


0.1222 


T-OO' 


.1219 9.0859 


.9925 9.9968 


.1228 9.0891 


8.1443 0.9109 


83" 00' 


1.4486 


0.1251 


10 


.12+8 .0961 


.9922 .9966 


.1257 .0995 


7.9530 


.9005 


50 


1.4457 


0-1280 


20 


.1276 .1060 


.9918 .996+ 


.1287 .1096 


7.770+ 


.8904 


40 


1.4428 


0.1309 


30 


.1305 .1157 


,9914 .9963 


.1317 .119+ 


7.S958 


.8806 


30 


1.4399 


0.1333 


40 


.133+ .1252 


.9911 .9%1 


.1346 .1291 


7.4287 


.8709 


20 


1.4370 


0.1367 


SO 


.1363 .13+5 


.9907 .9959 


.1376 .1385 


7.2687 


.8615 


10 


1.4341 


0.1396 


8''00' 


.1392 9.1+36 


.9903 9.9958 


.1405 9.1478 


7.1154 0.8522 


82° OO' 


1.4312 


0.1425 


10 


.1+21 .1525 


.9899 .9956 


.1435 .1569 6.9682 


.8431 


50 


1,4283 


0-1454 


20 


.1++9 .1612 


.9894 .995+ 


.1465 .16,58 6.8269 


.8342 


40 


1.4254 


0.148+ 


30 


.1+78 .1697 


.9890 .9952 


,1495 .1745 6,6912 


.8255 


30 


1.4224 


0.1513 


40 


.1507 .1781 


.9886 ,9950 


.1524 .183116.5606 


.8169 


20 


1.419S 


0.15+2 


SO 


.1536 .186J 


.9881 .99+8 


.1554 .191516.4348 


.8085 


10 


1.4166 


0.1571 


9° 00' 


.1564 9.19+3 


.9877 9.9946 


.1584 9.1997 6.31.18 0.8003 


81=00' 


1.4137 






Nm. Log. 


N... Log. 


N... Log. 1 Na,. 


_w. 










=— 


s,.^. 


COT^NOK«TS. 1 T»^<.B«TS. 


"«"'™- 


""""^ 



TABLES. 
TrigfonometHc Funotioni. 



■ADIANS 


■,«.™ 


».^ 


cosrims. 


..k™„. 


»T.™»T. 






0,1571 


90 00' 


.1564 9.1M3 


Nit. L™. 

.9877 9.9«6 


.1584 9.1997 


6.3138 0.8o5)3 


81° (KT 


1.4137 


0,1600 


10 


.1593 .2022 


.9872 .9944 


.1614 .2078 


6.1970 .7922 


SO 


1.4108 


0.1629 


20 


.1622 .2100 


.9868 .9942 


.1644 .2158 


60844 .7842 


40 


1.4079 


0,1658 


30 


.1650 .2176 


.9863 .9940 


.1673 .2236 


S.97SS .7764 


30 


1.4050 


0.1687 


40 


.1679 .2251 


.9858 .9938 


.1703 .2313 


5.8708 .7687 


20 


1.4021 


0.1716 


SO 


.1708 .2324 


.9853 .9936 


.1733 .2389 


5.7694 .7611 


10 


1.3992 


0.1745 


10=00' 


,1736 9,2397 


.9848 9.9934 


.1763 9,2463 


5.6713 7537 


80^00' 


13963 


0.1774 


10 


.1765 .2468 


.9843 .9931 


.1793 .2536 


5.5764 .7464 


SO 


1.3934 


0.I8W 


20 


.1794 .2538 


.9838 .9929 


.1823 .2609 


5.4845 .7391 


40 


1.3904 


0.1833 


30 


:1822 .2606 


.9833 .9927 


.1853 .2680 


5.3955 .7320 


30 


1.3875 


0.1862 


40 


.1851 .2674 


.9827 .9924 


.1883 .2750 


5.3093 .7250 


20 


1,3846 


0.1891 


50 


.1880 .2740 


.9822 .9922 


.1914 .2819 


5.2257 .7181 


10 


1.3817 


0,1920 


11" 00- 


.1908 9.ZS06 


.9816 9.9919 


.1944 9.2887 


5.1446 0.7113 


79=00' 


1.3788 


0.1949 


10 


.1937 .2870 


.9811 .9917 


.1974 .2953 


5.0658 .7047 


SO 


1.3759 


0.1978 


20 


.1965 .2934 


.9805 .9914 


.2004 .3020 


4.9894 .«1S0 


40 


1.3730 


0.2007 


30 


.1994 ,2997 


.9799 .9912 


.2035 .3085 


4.9152 .6915 


30 


1.3701 


0.2036 


40 


.2022 .3058 


.9793 .9909 


.2065 .3149 


4.8430 .6851 


20 


1.3672 


0.2065 


50 


.2051 .3119 


.9787 .9907 


.2095 3212 


4.7729 .6788 


10 


1.3643 


0.2094 


12=00- 


.2079 9.3179 


.9781 99904 


.2126 9,3275 


4.7046 0.6725 


78=00' 


13614 


0.212.1 


10 


.2108 .3238 


.9775 .9901 


.2156 .3336 


4.6382 .6664 


SO 


13584 


0.2153 


20 


.2136 .3296 


.9769 .9899 


.2186 .3397 


4.5736 .6603 


40 


1,3555 


0,2182 


30 


.2164 .3353 


.9763 .9896 


.2217 .3458 


4.S107 .6542 


30 


1,3526 


0.2211 


40 


.2193 .3410 


.9757 .9893 


.2247 .3517 


4.1494 .6483 


20 


1.3497 


0.2240 


50 


.2221 .3466 


.9750 .9890 


.2278 .3576 


43897 .6424 


10 


1.3468 


0.2269 


13° 00' 


.2250 9.3521 


■ .9744 9.9887 


.2309 9.3634 


4.3315 0.6366 


77" 00' 


1.3439 


0.2298 


10 


.2273 .3575 


.9737 .9884 


.2339 .3691 


4.2747 .6309 


50 


1.3410 


0.2327 


20 


.2306 J629 


.9730 .9881 


.2370 .3748 


4.2193 .6252 


40 


1.3381 


0,2356 


30 


.2334 J6S2 


.9724 .9878 


.2401 .3804 


4.1653 .6196 


30 


1.3352 


0.2385 


40 


.2363 J734 


.9717 .9875 


.2432 .3859 


4.1126 .6141 


20 


13323 


0.2414 


50 


.2391 -3786 


.9710 .9872 


.2462 .3914 


4,0611 .6086 


10 


1,3294 


0.2443 


14=' 00- 


.2419 9.3837 


.9703 9.9869 


.2493 9.3968 


4.0108 06032 


76° 00' 


1.3265 


0.2473 


10 


.2447 3887 


.9696 .9866 


.2524 .4021 


3.%17 .5979 


SO 


1.3235 


0,2502 


20 


.2476 J937 


.9689 .9863 


.2555 .4074 


3.9136 .5926 


40 


1.3206 


0.2531 


30 


.2504 .3986 


.9681 .9859 


.2586 .4127 


3.8667 .5873 


30 


13177 


0.2560 


40 


.2532 .4035 


.9674 .9856 


.2617 .4178 


3.8208 .5822 


20 


1.3148 


0.2589 


50 


.2560 .4083 


.9667 .9853 


.2648 .4230 


3.7760 .5770 


10 


13119 


0.2618 


15° 00- 


.2588 9.4130 


.9659 9.9849 


.2679 9.4281 


3.7321 0.5719 


75=00' 


1.3090 


0.2647 


10 


.2616 .4177 


.9652 .9846 


.2711 .4331 


3.6891 .5669 


SO 


1.3061 


0.2676 


20 


.2644 .4223 


.9644 .9843 


.2742 .4381 


3.6470 .5619 


40 


1.3032 


0.2705 


30 


.2672 .4269 


.9636 .9839 


.2773 .4430 


3.6059 .5570 


30 


1.3003 


0.2734 


40 


.2700 .4314 


.9628 .9836 


.2805 .4479 


3.5656 .5521 


20 


1,2974 


0.2763 


50 


.2728 .4359 


.9621 .9832 


.2836 .4527 


3J261 .5473 


10 


1.2945 


0.2793 


16° 00" 


.2756 9.4403 


.9613 9.9828 


.2867 9.4575 


3.4874 0.5425 


74=00' 


1.2915 


0.2822 


10 


.2784 .4447 


.9605 .9825 


.2899 .4622 


3.4495 .5378 


50 


12886 


0.2851 


20 


.2812 .4491 


.9596 .9821 


.2931 .4669 


3.4124 .5331 


40 


1.2857 


0.2880 


30 


.2840 .4533 


.9588 .9817 


.2962 .4716 


3.3759 .5284 


30 


1.2828 


0.2909 


40 


.2868 .4576 


.9580 .9814 


.2994 .4762 


3.3402 .5238 


20 


1.2799 


0.2938 


SO 


.2896 .4618 


.9572 .9810 


.3026 .4808 


3.3052 .5192 


10 


1.2770 


0.2967 


17=00' 


.2924 9.4659 


.9563 9.9806 


.3057 9.4853 


3,2709 0,5147 


73=00- 


1.2741 


0.2996 


10 


.2952 .4700 


.9555 .9802 


.3089 .4898 


3.2371 .5102 


50 


1.2712 


0.3025 


20 


.2979 .4741 


.9546 .9798 


3121 .4943 


3.2W1 .5057 


40 


1.2683 


0.3054 


30 


3007 .4781 


.9537 .979t 


.3153 .4987 


3.1716 .5013 


30 


1.2654 


0.3083 


40 


.3035 .4821 


.9528 .9790 


.3185 .5031 


3.1397 .4969 


20 


1.2625 


0.3113 


SO 


.3062 .4861 


.9520 .9786 


.3217 .5075 


3.1084 .4925 


10 


1.2595 


0.3142 


18=00' 


.3090 9.4900 


.9511 9.9782 


.3249 9.5118 


3.0777 0.4882 


72=00' 


1.2566 






N.l. Log. 


Nal. Log. 


HU. Log. 


Nil. Log. 











.os..^. 


'""^ 


COTANGENTS. 


TANGENTS. 


DHGBEHS. 


KA=,*NS. 



TABLES. 
Trigonometric Function!. 



«*.,*»s 


■.=o«=,s 


.KCS. 


COS-HHS. 


...o..^ 


COT*™«T. 






03142 


18" OC 


Nil. Log. 
.3090 9.4900 


Nm. Log, 
.9511 9.9782 


3249 9.51^8 


3.0777 0>i^2 


72=00' 


1.2566 


0.3171 


10 


,3118 .4939 


.9502 ,9778 


,3281 .5161 


3-0175 .4839 


50 


1.2537 


O3200 


20 


,3145 .4977 


.9492 .9774 


.3314 .5203 


3,0178 .4797 


40 


1,2508 


0.3229 


30 


,3173 .5015 


.9483 .9770 


3346 ,5245 


2,9887 .4755 


30 


1,2479 


0.3258 


40 


.3201 .S052 


.9474 .976S 


.3378 .5287 


2.9600 .4713 


20 


1.2450 


0.3287 


50 


,3228 .5090 


.9465 .9761 


.3411 .5329 


2,9319 ,4671 


, 10 


1.2421 


0.3316 


19° 00- 


,3256 9,5126 


,9455 9.9757 


3443 9,5370 


2.9042 0,4630 


71=00' 


1.2392 


0.334S 


10 


3283 J 163 


.9446 .9752 


,3476 .5411 


2,8770 .4589 


50 


1.2363 


0,3374 


20 


,3311 ,5199 


.9436 ,9748 


,3408 .5451 


2.8502 .4549 


40 


1,2334 


0.3403 


30 


,3338 .5235 


.9426 .9743 


3541 .5491 


2,8239 .4509 


30 


1.2305 


0.3432 


40 


,3365 ,5270 


,9417 ,9739 


,3574 .5531 


2.7980 ,4469 


20 


1,2275 


0.3462 


SO 


,3393 ,5306 


.9407 .9734 


.3607 J571 


2-7725 .1429 


10 


.1.2246 


03491 


20=00' 


.3420 9.5341 


,9397 9.9730 


.3640 9.5611 


2,7475 0.4389 


70=00' 


1.2217 


03520 


10 


,3448 .5375 


.9387 .9725 


.3673 .5650 


2.7228 .4350 


50 


1,2188 


0.3549 


20 


.3475 .5409 


,9377 .9721 


.3706 .5689 


2.6985 .4311 


40 


1.2159 


0.3578 


30 


3502 .5443 


.9367 .9716 


.3739 .5727 


2.6746 .4273 


30 


1.2130 


0.3607 


40 


_3529 .5477 


.9356 ,9711 


3772 ,5766 


2,6511 .4234 


20 


1.2101 


03636 


SO 


3557 .5510 


,9346 ,9706 


.3805 .5804 


2.6279 .4196 


10 


1.2072 


0.3665 


21" 00- 


.3584 9,5543 


.9336 9.9702 


.3839 9.5842 


26051 0,4158 


69=00' 


1,2043 


0,3694 


10 


,3611 JST6 


,9325 ,9697 


.3872 .5879 


2-5826 .4121 


50 


1,2014 


0.3723 


20 


.3638 ,5609 


,9315 .9692 


.3906 .5917 


2,5605 .4083 


40 


1,1985 


0,3752 


30 


,3665 J641 


,9304 ,9687 


,3939 ,5954 


2 5386 .4046 


30 


1-1956 


0.3782 


40 


,3692 ,5673 


,9293 .9682 


3973 .5991 


2-5172 .4009 


20 


1-1926 


0.3811 


SO 


.3719 .5704 


,9283 .9677 


.4006 .6028 


2.4960 .3972 


10 


1.1897 


0.3840 


22=00- 


3746 9,5736 


.9272 99672 


.4040 9.6064 


■2,4751 0,3936 


68=00- 


1,1868 


0.3869 


10 


,3773 ,5767 


.9261 .9667 


,4074 .6100 


2,4S45 .3900 


50 


1.1839 


0J898 


20 


,3800 .5798 


.9250 .9661 


.4108 .6136 


24342 .3864 


40 


1-1810 


0.3927 


30 


,3827 ,5828 


.9239 ,9656 


,4142 .6)72 


2.4142 .3828 


30 


1,1781 


0.3956 


40 


,3854 .5859 


,9228 .9651 


.4176 .6208 


2.3945 .3792 


20 


1.1752 


0.3935 


50 


,3881 ,5889 


.9216 ,9646 


.4210 ,6243 


2 3750 3757 


10 


1-1723 


0.4014 


23' 00- 


,3907 9,5919 


,9205 9.9640 


,4245 9.6279 


2.3559 0.3721 


67=00- 


1.1694 


0.4043 


10 


.3934 .5948 


.9194 .9635 


.4279 .6314 


2 3369 3686 


50 


1.1665 


0.4072 


20 


,3961 .5978 


,9182 ,9629 


.4314 ,6348 


2.3183 ,3652 


40 


1,1636 


0.4102 


30 


,3987 .6007 


,9171 .9624 


,4348 .6383 


2,2998 ,3617 


30 


1,1606 


0.4131 


40 


,4014 .6036 


,9159 .9618 


,4383 .6417 


2 2817 .3583 


20 


1,1577 


0.4160 


SO 


.4041 .6065 


.9147 .9613 


.4417 .6452 


2,2637 .3548 


10 


1.1548 


0.4189 


24=00' 


,4067 9,6093 


.9135 9.9607 


.4452 9,6486 


2 2460 3514 


66=00- 


1,1519 


04218 


10 


.4094 ,6121 


.9124 ,9602 


.4487 ,6520 


2,2286 ,3480 


50 


1,1490 


0.4247 


20 


.4120 ,6149 


,9112 .9596 


.4522 .6SS3 


2,2113 ,3447 


40 


1,1461 


0.4276 


30 


.4147 ,6177 


,9100 ,9590 


.4557 ,6587 


2.1943 ,3413 


30 


1,1432 


0,4305 


40 


.4173 ,6205 


,9088 .9584 


,4592 .6620 


2,1775 .3380 


20 


11403 


0,4334 


50 


,4100 ,6232 


,9075 .9579 


.4628 .6654 


2-1609 ,3346 


10 


1,1374 


0.4363 


25= 00- 


,4226 9.6259 


,9063 9,9573 


.4663 9,6687 


2 1445 03313 


65=00- 


1.1345 


0,4392 


10 


,4253 .6286 


,9051 .9567 


,4699 .6720 


2.1283 ,3280 


50 


1,1316 


0.4422 


20 


,4279 .6313 


.9038 ,9561 


.4734- ,6752 


2.1123 3248 


40 


1.1286 


0.4451 


30 


.4305 .6340 


.9026 ,9555 


.4770 .6735 


2,0965 ,3215 


30 


1.1257 


0.4480 


40 


.4331 ,6366 


,9013 ,9549 


.4806 .6817 


2.0809 3183 


20 


1,1228 


O+509 


50 


,4358 ,6392 


.9001 .9543 


,4841 .6850 


2.0655 3150 


10 


1,1199 


04538 


26=00' 


.4384 9,6418 


,8933 9,9S37 


.4877 9,6882 


2,0503 03118 


64=00- 


1.1170 


0.4567 


10 


.4410 .6144 


.8975 .9530 


.4913 .6914 


2,0353 ,3086 




1,1141 


0.4596 


20 


,4436 ,6470 


.8952 ,9524 


,4950 .6946 


2.0204 .3054 


40 


1.1112 


0.4625 


30 


,4462 .6495 


,3949 .9518 


.4986 .6977 


2,0057 3023 


30 


1,1083 


0.4654 


40 


,4488 ,6521 


,8936 ,9512 


.5022 .7009 


1.9912 ,2991 


20 


1,1054 


0.4683 


50 


,4514 ,6546 


,8923 .9505 


,5059 .7040 


1,9768 .2960 


10 


1,1025 


0.4712 


27" 00' 


,4540 9.6570 


,8910 9,9499 


,5095 9.7072 


1.9626 0,2928 


63=00- 


1.0996 






N»t. Log, 


N«. Log. 


Nat. Log. 


Nal. Log. 










cos,..s. 


-"- 


™"'"""'-- 


"-'"'"■ 


„..«,.. 


-"■'"^ 



TABLES. 
Trigonometric Functions. 



....... 


™-»s. 


.,«KS. 


,«™. 


T*«.B«TS. 


COT*™«T.. 






0.4712 


27" 00- 


.4M0 9.^0 


.8910 9.5W9 


.Stfes 9.W2 


Nal, Log, 
1.9626 0.2928 


63= 00- 


1.0996 


0.4741 


10 


.4566 .659S 


.8897 .9492 


.5132 .7103 


1,9486 ,2897 


SO 


1.0966 


0.4771 


20 


.4592 .6620 


.8884 .9486 


.5169 .7134 


1,9347 .2866 


40 


L0937 


0.4800 


30 


.4617 .6644 


.8870 .9479 


.5206 ,7165 


1.9210 .2835 


30 


1.0908 


0.4829 


40 


.4643 .6668 


.8857 .9473 


.5243 .7196 


1.9074 .2804 


20 


1.0879 


0.48S8 


50 


.4669 .6692 


.8843 .9466 


.5280 .7226 


1.8940 .2774 


10 


1.0850 


0.4887 


28" 00' 


.4695 9.6716 


.8829 9.9459 


.5317 9.7257 


1.8807 0.2743 


62=00' 


1.0821 


0.4916 


10 


.4720 .6740 


.8816 .9453 


.5354 .7287 


1.8676 2713 


SO 


1.0792 


0.494S 


20 


.4746 .676.1 


.8802 .9446 


.5392 .7317 


1.8546 .2683 


40 


1.0763 


0.4974 


30 


.4772 .6787 


.8788 .9439 


.5430 .7348 


1.8418 .2652 


30 


1.0734 


0.5003 


40 


.4797 .6810 


.8774 .9432 


.5467 .7378 


1.8291 .2622 


20 


1.0705 


0.5032 


50 


.4823 .6833 


.8760 .9425 


.5505 .7408 


1.8165 .2592 


10 


1.0676 


0.S061 


29° 00- 


.4848 9.6856 


.8746 9.9418 


.5543 9.7438 


1.8040 02562 


61=00- 


1.06*7 


0.5091 


10 


.4874 .6878 


.8732 .9411 


.5581 .7467 


1.7917 .2533 


SO 


1.0617 


0.5120 


20 


.4899 .6901 


.8718 .9404 


.5619 .7497 


1.7796 .2503 


40 


1.0588 


0.5149 


30 


.4924 .6923 


.8704 .9397 


.5658 .7526 


1.7675 .2474 


30 


1.0559 


0.5178 


40 


.4950 .6946 


.8689 .9390 


.5696 .7556 


1.7556 .2444 


20 


1.0530 


0.5207 


SO 


.4975 .6968 


.8675 .9383 


.5735 .7585 


1.7437 .2415 


10 


1.0501 


0.5236 


30° 00' 


.5000 9.6990 


.8660 9.9375 


.5774 9.76H 


1.7321 0.2386 


60=00- 


1.0472 


0.526S 


10 


.5025 .7012 


.8646 .9368 


.5812 .7644 


1.7205 .2356 


50 


1.0443 


0.5294 


20 


.5050 .7033 


.8631 .9361 


.,5851 .7673 


1.7090 .2327 


40 


1.0414 


0.5323 


30 


.5075 .7055 


.8616 .9353 


.5890 .7701 


1.6977 .2299 


30 


1.038S 


0.5352 


40 


.5100 .7076 


.8601 .9346 


.5930 .7730 


1.6864 .2270 


20 


1.0356 


0.5381 


50 


.5125 .7097 


.8587 .9338 


.5969 .7759 


1.6753 2241 


10 


1.0327 


0.5411 


31=00' 


.5150 9.7118 


.8572 9.9331 


.6009 9.7788 


1.6643 0,2212 


59=00' 


1.0297 


O.S440 


10 


.5175 .7139 


.8557 .9323 


.61*48 .7816 


1.6534 .2184 


50 


1.0268 


0.S469 


20 


.5200 .7160 


.8542 .9315 


.6088 .7845 


1.6426 .2155 


40 


1.0239 


0.5498 


30 


.5225 .7181 


.8526 .9.KI8 


.6128 .7873 


1.6319 .2127 


30 


1.0210 


0.5527 


40 


.5250 .7201 


.8511 .9300 


.6168 .7902 


1.6212 2098 


20 


1.0181 


0.SSS6 


50 


.5275 .7222 


.8496 .9292 


.6208 .7930 


1.6107 .2070 


10 


1.0152 


0.5585 


32° OO' 


.5299 9.7242 


.8480 9.9284 


.6249 9.7958 


1.6003 O.ZOt2 


58=00- 


1.0123 


0.S6H 


10 


.5324 .7262 


.8465 .9276 


.6289 .7986 


1.5900 .2014 


50 


1.0094 


0.5643 


20 


.5343 .7282 


.8450 .9268 


.6330 .8014 


1.5798 .1986 


40 


1.006S 


0-S672 


30 


.5373 .7302 


.3434 .9260 


.6371 .8042 


1,5697 .1958 


30 


1.0036 


0.5701 


40 


.5398 .7322 


.8418 .9252 


.6412 .8070 


I.S597 .1930 


20 


1.0007 


0.5730 


50 


.5422 .7342 


.8403 .9244 


.6453 .8097 


1.S497 .1903 


10 


0.9977 


0.5760 


33" 00- 


.5446 9.7361 


,8387 9.9236 


.6494 9.8125 


1.5399 0.1875 


37=00' 


0.9948 


0.5789 


10 


.5471 .7380 


.8371 .9228 


.6536 .8153 


1.5301 .1847 


50 


0.9919 


0.5818 


20 


.5495 .7400 


.83SS .9219 


.6577 .8180 


1.5204 .1820 


40 


0.9890 


0.5847 


30 


.5519 .7419 


.8339 .9211 


.6619 .8208 


1.5108 .1792 


30 


0.9861 


0.5876 


40 


.5544 .7438 


.8323 .9203 


.6661 .8235 


1.5013 .1765 


20 


0.9832 


0.5905 


50 


.5568 .7457 


.8307 .9194 


.6703 .8263 


1.4919 .1737 


10 


0.9803 


0.5934 


34=00' 


.5592 9.7476 


.8290 9,9186 


.6745 9.8290 


1.4826 0.1710 


56=00' 


0.9774 


0.5963 


10 


.5616 .7494 


.8274 .9177 


.6787 .8317 


1.4733 .1683 


50 


0,9745 


0.5992 


20 


.5640 .7513 


.8258 .9169 


.6830 .8344 


1.4641 .1656 


40 


0,9716 


0.6021 


30 


.5664 .7531 


,8241 .9160 


.6873 .8371 


1.4550 .1629 


30 


0,9687 


0.6050 


40 


.5688 .7550 


.8225 ,9151 


.6916 .8398 


1.4460 .1602 


20 


0,9657 


0.6080 


50 


.5712 .7568 


,8208 ,9142 


.6959 .8425 


1.4370 .1575 


10 


0,9628 


0.6109 


35" 00' 


.5736 97586 


,8192 9.9134 


.7002 9.8452 


1.4281 0.1548 


55=00' 


0.9599 


0.6138 


10 


.5760 .7604 


,8175 .9125 


.7046 .8479 


1.4193 .1521 


50 


0.9570 


0,6167 


20 


.5783 .7622 


,8158 .9116 


.7089 .8506 


1.4106 .1194 


40 


0,9541 


0.6196 


30 


.5807 .7640 


.8141 .9107 


.7133 .8533 


1.4019 .1467 


30 


0.9512 


06225 


40 


.5831 .7657 


.8124 .9098 


.7177 .8559 


1,3934 .1441 


20 


0.9183 


0.6254 


SO 


.5854 7675 


.8107 ,9089 


.7221 .8586 


13848 .1414 


10 


0.9454 


0.6283 


36-00' 


.5878 9.7692 


.8090 9.9080 


.7265 9.8613 


1.3764 0.1387 


54=00' 


0.9425 






N«- Log. 


Nat. Log. 


Nil. Log. 


Nat. Log. 










COSINBS. 


S.«I,S. 


COT*HG=KTS. 


T^««»TS. 


DEGREES 


»AD,*«S. 



TABLES. 
Trigonometric Functions. 



..=..», 


™.™a 


.™. 


COS...S, 


r...,s^. 


COTAHO«STS. 






0,6283 


36= 00" 


Nil. L«. 
,5878 9,7^2 


N«. LoK. 
.80J0 9.9080 


N»., Lm, 
.7265 9.8613 


Nai. Log. 
1J764 0.1387 


54°00' 


0.9425 


0.6312 


10 


,5901 .7710 


,8073 .9070 


.7310 .8639 


1,3680 .1361 


50 


0,9396 


0,6341 


20 


.5925 ,7727 


.8056 ,9061 


.7355 .8666 


13597 .1334 


40 


0.9367 


0-6370 


30 


.5948 .7744 


.8039 .9052 


.7400 .8692 


1..3514 .1308 


30 


0.9338 


0,6400 


40 


.5972 .7761 


.8021 .9042 


.7445 ,8718 


1.3432 .1282 


20 


0.9308 


0.6429 


50 


.5995 ,7778 


.8004 .9033 


.7490 .8745 


U3S1 .1255 


10 


0.9279 


0.6458 


37° 00" 


,6018 9.7795 


,7986 9,9023 


,7536 9.8771 


1,3270 0.1229 


53=00' 


0.9250 


0,6487 


10 


.6041 .7811 


.7969 ,9014 


,7581 ,8797 


1.3190 .1203 


50 


0.9221 


0,6516 


20 


.6065 .7828 


,7951 .9004 


.7627 .8824 


1.3111 .1176 


40 


0.9192 


0,6545 


30 


.6088 .7844 


,7934 ,8995 


,7673 ,8850 


1.3032 .1150 


30 


0.9163 


0.6574 


40 


.6111 ,7861 


,7916 .8985 


.7720 .8876 


1,2954 ,1124 


20 


0.9134 


0.6603 


SO 


,6134 .7877 


.7898 ,8975 


.7766 ,8902 


1,2876 .1098 


10 


0.9105 


0,6632 


38' OC 


.6157 9.7893 


.7880 9,8965 


.7813 9.8928 


1.2799 0,1072 


52=00' 


0.9076 


0.6661 


10 


,6180 ,7910 


.7862 .895S 


.7860 .8954 


1.2723 ,1046 


50 


0.9047 


0.6690 


20 


,6202 .7926 


.7844 ,8945 


.7907 .8980 


1.2647 .1020 


40 


0.9018 


0.6720 


30 


.6225 ,7941 


.7826 .8935 


.7954 .9006 


1,2572 .0994 


30 


0.8988 


0,6749 


40 


.6248 .7957 


,7808 .8925 


.8002 .9032 


1.2497 .0968 


20 


0.8959 


06778 


SO 


,6271 .7973 


,7790 .8915 


.8050 .9058 


1,2423 .0942 


10 


0.8930 


06807 


39=00' 


,6293 9,7989 


,7771 9,890S 


.8098 9.9084 


1.2349 0.0916 


51=00- 


0.8901 


0.6S36 


10 


.6316 .8004 


,7753 ,8895 


,8146 .9110 


1.2276 .0890 


50 


0.8872 


0.6865 


20 


.6338 .8020 


,7735 ,88&4 


.8195 .9135 


1,2203 .0865 


40 


0.8843 


0.6S?4 


30 


.6361 .8035 


,7716 ,8874 


.8243 .9161 


1.2131 .0839 


30 


0.8814 


0,6923 


40 


.6383 .8050 


,7698 ,8864 


.8292 .9187 


1.2059 .0813 


20 


0.8785 


0.6952 


50 


.6406 .8056 


,7679 .8853 


.8342 .9212 


1,1988 .0788 


10 


0,8756 


0.6981 


WW 


.6428 9.8081 


.7660 9,8843 


.8391 9.9238 


1.1918 0.0762 


50=00- 


0.8727 


0.7010 


10 


.6*50 .8096 


.7642 .8832 


.8441 .9264 


1,1847 ,0736 


50 




0,7019 


20 


.6472 5111 


.7623 .8821 


.8491 ,9289 


1,1778 .0711 


40 


o!8668 


0.70>9 


30 


,6494 .8125 


.7604 ,8810 


.8541 .9315 


1.1708 .0685 


30 


0.8639 


0,70J8 


40 


.651.7 .8140 


.7585 .8800 


,8591 , .9341 


1.1640 .0659 


20 


0.8610 


07127 


50 


.6539 .8155 


,7566 .8789 


.8642 .9366 


1.1571 .0634 


10 


0.8581 


07156 


41=00' 


,6561 9.8169 


.7547 98778 


.8693 9.9392 


1.1S04 0.0608 


49=00- 


0.8552 


07135 


10 


.6583 .8184 


.7528 .8767 


.8744 .9417 


1.1436 .0583 


50 


0,8523 


0.7214 


20 


.6604 .8198 


,7509 .8756 


.8796 .9443 


1.1369 .0557 


40 


0,8494 


0,7243 


30 


.6626 .8213 


,7490 ,8745 


.8847 .9468 


1.1303 .0532 


30 


0,8465 


0,7272 


40 


.6648 .8227 


,7470 .8733 


.8399 .9494 


1,1237 .0506 


20 


0,8436 


0.7301 


50 


.6670 .8241 


.7451 ,8722 


.8952 .9519 


1,1171 ,0481 


10 


0,8407 


0.7330 


42° 00- 


.6691 9.82SS 


.7431 9.8711 


.9004 9.9544 


1.1106 0,0456 


48=00- 


0-8378 


0.7359 


10 


.6713 ,8269 


.7412 .8699 


.9057 .9570 


1,1041 ,0430 


50 


0.8348 


0,7389 


■ 20 


.6734 .8283 


.7392 .8688 


.9110 .9595 


1,0977 ,0405 


40 


0,8319 


0.7418 


30 


.6756 .8297 


.7373 .8676 


.9163 .9621 


1,0913 -0379 


30 


0.8290 


0.7447 


40 


.6777 .8311 


.7353 .8665 


,9217 .9646 


1,0850 .0354 


20 


0,8261 


0.7476 


SO 


.6799 .8324 


.7333 .3653 


.9271 .9671 


1.0786 .0329 


10 


0,8232 


0.7505 


43-00' 


.6820 9.8338 


.7314 9.8641 


,9325 9,9697 


1.0724 0.0303 


47° 00- 


0.8203 


0,7534 


10 


.6841 .8351 


.7294 .8629 


,9380 ,9722 


1.0661 .0278 


SO 


0.3174 


0.7563 


20 


.6362 ,8365 


.7274 .8613 


,9435 .9747 


1.0599 .0253 


40 


0,8145 


0,7592 


30 


.6884 .8378 


.7254 .8606 


,9490 .9772 


1.0538 .0228 


30 


0.3116 


0.7621 


40 


.6905 ,8391 


.7234 ,8594 


,9545 .9798 


1.0477 .0202 


20 


0,8087 


0.7650 


SO 


.6926 .8405 


.7214 .8582 


.9601 ,9823 


1.0416 .0177 


10 


0.8058 


0.7679 


44°00' 


.6947 9.8418 


,7193 9.8S69 


,96,';7 9.9848 


1.0355 0,0152 


46=00' 


0,8029 


0.7709 


10 


.6967 .8431 


,7173 ,8557 


,9713 .9874 


1.0295 .0126 


50 


0,7999 


0.7738 


20 


.6988 ,8444 


.7153 ,8545 
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